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LIFE-TABLE STUDIES ON PACHYCREPOIDEUS VEERANNAI 
NARENDRAN & ANIL, A CHALCID (HYMENOPTERA: 
PTEROMALIDAE) PARASITOID OF EXORISTA SORBILLANS 
WEID. (DIPTERA: TACHINIDAE) 


С. VEERANNA & Н. К. JvorHi 
Karnataka State Sericulture Development Institute, Thalaghattapura, Bangalore, India 560 062 


(Received 30 June 1991) 


Life cycle of the parasitoid, Pachycrepoideus veerannai of Exorista sorbillans is studied. Age speci- 
fic life-table for P. veerannai Nar. & Anil is constructed. Тһе egg, larval and pupal duration lasted 


for 2—3 days, 10-12 days and 8--10 days respectively. Тһе adult fongevity was 20--35 days. 


Genera- 


tion time Т, was 29.72 days, rate of natural increase was 0.1133 and net reproduction rate R, was 29. 


(Key words: 


INTRODUCTION 


Exorista sorbillans Weid. commonly known 
as uzifly, is a major pest of silkworm, 
Bombyx mori L. It is a larval endoparasite 
which prefers to oviposit on ІП, ІУ and V 
instar larvae killing them and causing dam- 
age to the extent of 15-20% to the silk 
industry (MUKHERJEE, 1919; Сновн, 1949; 
JOLLY, 1981; Kasrunri-Bar et al., 1986). 


Biological control, due to its icreased 
acceptance and popularity forms one of the 
major approaches that has been used in 
attempting to contain the uzifly menace. 
Four species of hymenopteran parasitoids 
namely, Nesolynx thymus (PRADIP-KUMAR 
et al, 1986), Trichopria sp. (WEERANNA 
et al, 1987a) | Exoristobia philippinensis 
(VEERANNA et al., 1987b), and Dirhinus anth- 
racia (VEERANNA & JYOTHI, 1988) have been 
reported to be pupal parasitoids of Ё. sorbill- 
ans. ln this report yet another parasitoid 
Pachycrepoideus veerannai Narendran and 
Anil (Hymenoptera Pteromalidae) has 
been recorded for the first time on Ё. sor- 
billans. 


life table, Pachycrepoideus veerannai, Exorista sorbillans) 


MATERIALS AND METHODS 


The adults of Pachycrepoideus veerannai 
were found visiting the laboratory where 
E. sorbillans cultures were maintained, but 
protected from parasitoid infestation. 
These flies were collected and were fed on 
honey and sucrose solution in aqueous 
medium soaked on cotton pads. E. sorbi- 
llans pupae were exposed to Pachycrepoideus 
veerannai adults to observe the existence of 
parasitism. Тһе  parasitoid readily ovi- 
posited on the host E. sorbillans pupae and 
successfully completed the life cycle. These 
studies were conducted at room temperature. 
The temperature and humidity recorded in 
the laboratory ranged from 23-29°С and 
60-85% respectively. 


A life-table study was conducted with 
five mated females of Pachycrepoideus 
veerannai. Each parasitoid was placed 
individually in a 250 ml conical flask and 
provided with a mixture of 50% honey 
and 10% sucrose solution. These flies 
were provided with 50 host pupae indivi- 
dually every 24 hours, until the death of 
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the females. Тһе parasitised hosts were 
reared day-wise separately in 250 ml conical 
flasks unitl adult emergence. Age specific 
life table was constructed and life-table 
statistics were derived using the formula 


хх.1,т 
Т. = im, 
nie see ! 
те = In Rg/ Te and 
fas | 
A = е, where x = Pivotal age in 


days; 1, = age specific longevity; m, = age 
specific fecundity; Ко = net reproductive 
rate; Т. = approximate duration of genera- 
ton; то = capacity for increase; A = finite 
tate of increase. 


OBSERVATIONS AND DISCUSSION 


Preliminary observations made on 
Pachycrepoideus veerannai revealed that the 
female fly is comparatively bigger than males 
(Figs. 1 & 2). The female has a broad and 
pointed abdomen. The male has a narrow 
abdomen with blunt end. The female mates 
only once in her life time. The male exhibits 
a very typical pre-mating behaviour of 
following the female with the  wagging 
movement for about five to ten minutes 
and holds the back of the female with the 
antennae ала mates. Тһе duration of 
mating is 2-5 minutes. The female alights 
on the uzi pupa soon after mating, probes 
the surface of the host with the antennae 
and abdomen, pricks the host puparia with 
the ovipositor and inserts the ovipositor to 
deposit the eggs. It is a solitary ecto-pupal 
parasitoid. The eggs hatch 2-3 days after 
oviposition. The larvae of  Pachycrepoi- 
deus veerannai are vermiform and larvae 
are ecto-parasitic. The larval and pupal 
duration range from 10-12 days and 8-10 
days respectively. The type of pupae is 
exarate. Metamorphosis is completed in 
the host puparia and adult fly emerges out 


of the infested host by cutting the pupal 
case. The adult life span is 20-35 days. 
The infestation is successful only if the 
host is between 1-7 days of pupal stage. 
The infestation is not found on larvae of 
both uzifly and different developmental 
stages of moth of silkworm. 


The data on the age specific longevity 
and fecundity are presented in Table І, 
while life table statistics are presented in 
Table 2. The female lives for 20-45 days. 
Maximum fecundity is observed during 
fourth day. The age specific fecundity 
was reduced considerably after 12 days. 


The net reproduction rate was found to 
be 29, while mean duration of generation 
was 29.72 days. The approximate value 
of natural increase т. was 0.1133. Тһе 
observed finite rate of increase (L) showed 
that the population of parasitoid multiplied 
1.1199 times/female/day. Taxonomic identi- 
fication of the Pachycrepoideus sp. was done 
by NARENDRAN ef al. (1992) and named 
as Pachycrepoideus veerannai. 


Investigations are in progress to study 
various aspects of Pachycrepoideus veera- 
nnai and its relation with other parasi- 
toids of Б. sorbillans to exploit it as a bio- 
control agent іп checking the  uzifly 
population. 
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LIFE TABLE STUDIES ON PACHYCREPOIDEUS 


Fig. 1. Adult female of Pachycrepoideus veerannai, Narendran & Anil. 
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Fig. 2. Adult male of Pachycrepoideus veerannai, Narendran & Anil. 
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TanBLE |. Life Table (for females) : Age Specific Fecundity for Pachycrepoideus veeraunai. 
Pivotal age in Age specific Age specific 
days longevity fecundity I, m, x. lm, 
x \, m, 
1- 22 days immature stages 
23 1 0.0 0.0 0.0 
24 1 0.0 0.0 00 
25 1 2 1.2 30 
26 1 5.2 62! 18522 
27 1 4.2 4.2 113.4 
28 1 2:6 2.6 72.8 
29 l 9.2 2.2 63.8 
30 1 2.2 2,2 66.0 
31 1 2.0 2.0 62.0 
92 1 2.2 22 70.4 
33 1 3.4 3.4 119.2 
34 1 1.0 1.0 34.0 
35 1 0.8 0.8 28.0 
36 1 0.6 0.6 21.46 
37 1 0.6 0.6 22,2 
38 1 0.8 0.8 30.4 
39 1 0.0 0.0 00.00 
Rs = Шіл. = 29 Ххімп, = 862 
TABLE. 2. Life Table Statistics of Pachycrepoideus veerannai. 
Particulars E B Values ии І 
Ro і mM 03 o Г С 
Te 29.72 days 
г, 0.1133 
1.1192 
Average longevity 30.6 
Minimum longevity 20.0 
Maximum longevity 45.0 
Sex ratio 341 


(female : male) 
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EFFECT OF SOLAR HEAT TREATMENT (SUNDRYING) ON 
THE INACTIVATION OF THE MUSCARDINE FUNGUS 
BEAUVERIA BASSIANA (BALS.) VUILL. INFECTING 
THE SILKWORM BOMBYX MORI L. 


JAVAREGOWDA, В. L. VISWESWARAGOWDA,* & М. JAYARAMAÍAH 
Department of Entomology, UAS, G.K.V.K., Bangalore, India 560 065 


(Received 28 August 1991) 


The solar heat treatment of fungal inoculated trays for a duration of 0.5 to 5.0 days revealed that solar 
treatment beyond two days was effective in inactivating the white muscardine fungus as revealed by 
conidial survival, rearing and cocoon parameters. In general, the rearing parameters recorded in trays 
which received 3.0 to 5.0 days duration of solar heat treatment were found on par with that of formalin 


treated control. 


(Key words: 


Beauveria bassiana, solar heat treatment, sunlight, larval mortality, germination, 


spinning percentage, pupation, cocoon weight, pupa! weight, moth emergence) 


INTRODUCTION 


Karnataka is the major silk producing 
state contributing 68 per cent of the Indian 
silk. India ranks second in the world 
with regard to mulberry silk production. 
However, the silk yield per 100 layings is 
comparatively low both qualitatively and 
quantitatively due to the diseases of silk- 
worm and has remained the most uncertain 
of all the agricultural professions (MUKERII, 
1912). To mitigate this uncertainty lead- 
ing to severe losses in rearings and to en- 
hance the prospects of sericulture, the need 
for studying in depth the silkworm diseases 
and also their control is keenly felt since 
the beginning of this century in India. 


The influence of environment as abiotic 
factor on the fungal pathogen of insects 
is complex. The factors which govern the 
growth, sporulation and germination of 
the pathogen differ considerably in nature. 


* Department of Sericulture, UAS, GKVK, 
Bangalore, India. 


In nature, the epizootics of the white mus- 
cardine disease of the  silkworm have 
been noticed many times in the past causing 
considerable damage. Тһе frequent occur- 
rence of epizootics of the disease might be 
due to environmental factors. Therefore, 
forecasting of the pre-disposing factors 
and the types of measures to be taken are 
quite essential to prevent cocoon losses. 
Despite several studies made on this fungus, 
the information concerning the exact causes 
for the epizootics of the disease in nature 
and methods to check the spread of the 
inoculum are scanty, except chemical advo- 
cation of formalin chaffand dithane М-45 
for the control of Beauveria bassiana on 
silkworm | (NARASIMHANNA ef al., 1976). 
Hence, the present investigations were 
conducted with a view to assess the effect 
of solar heat treatment on the inactivation 
of the muscardine fungus. 


MATERIALS AND METHODS 


Well disinfected bamboo trays measuring 
1.5 feet diameter were sprayed uniformly 
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with spore suspension of the white muscar- 
dine fungus (105 spores/ml) using baby 
sprayer and were shade dried for 24 hours 
to enable adherence of the inoculum to the 
trays. Such trays were exposed to solar 
heat as per the treatment schedule (see 
treatment schedule). The different dura- 
tions of exposures of the trays were adjus- 
ted in such a way that the trays became 
available for rearing simultaneously. The 
weather factors like maximum and minimum 
temperature, relative humidity апа sun- 
shine hours during the day were recorded 
during the period of experiment. These 
trays were used for rearing fifty worms of 
pure Mysore race which had just entered 
into the fifth instar following standard 
rearing practices (KRISHNASWAMI ef al., 
1973) which included use of nylon mesh to 
prevent any parasitization by Uzifly (Exor- 
ista sorbillans Wiedmann). The experi- 
mental room was disinfected by 4 per cent 
formalin prior to starting of rearing, 
thereby efficiently avoiding any other 
pathogenic contamination. 


Both in treated and untreated trays, an 
area of 100 sq cm was washed with 10 mi 
of distilled water and the washed liquid 
was collected in a sterilized beaker. Using 
a drop of this suspension, the spore count, 
the percentage of spore germination was 
estimated by spreading a drop of suspen- 
sion (washings collected from the trays 
sprayed with fungal inoculum) on a thin 
layer of Sabourand’s dextrose media, 
placed in a cavity of sterile microslide and 
incubated at room temperature and humi- 
dity for 48 hours after covering it with a 
sterile coverslip. The germination counts 
were taken under a research microscope. 
A cavity slide having three cavities was used 
and each cavity constituted a replication. 
Observations on the number of spores 
germinating and the non-viable one were 
made and the percentage of germination 
was calculated. 


Treatment schedule 


Treatments Duration (days) Replication 


0.5 
1.0 
1.5 
2.0 
3.0 
4.0 
5.0 


Solar heat treatment 


Three 


(without solar 
heat treatment) 


(disinfected with 
two per cent 
formalin) 


Control 1. Trays + inoculum 


2. Trays + inoculum 


Total number of treatments 9 (Nine) 

Observations were recorded on the larval 
mortality due to disease, spinning per- 
centage and cocoon characters like cocoon 
weight, pupal weight and moth emergence. 
The data was analysed statistically using 
two-way analysis of variance. 


RESULTS AND DSCUSSION 
Survival of conidia 


Influence of solar heat treatment of mus- 
cardine infected trays for varied duration 
(0.5 to 5.0 days) was observed. to be distinct 
in killing the conidia as revealed by their 
germination. The solar heat treatment was 
able to significantly reduce the conidial 
germination compared to control (90.90 
per cent). Amongst the treatments, highest 
conidial germination was recorded at 0.5 
days (76.26 per cent) followed by 1.0 (33.34 
per cent), 1.5 (27.10 per cent), 2.0 (14.93 
per cent) and 3.0 (3.76 per cent) days dura- 
tions of solar heat treatment and they diff- 
ered significantly establishing a direct 
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relationship between them. However, 
total inactivation of fungus was registered 
with 4.0 and 5.0 days duration of solar 
heat treatment (Table |; Fig. 1). Infor- 
mation on other fungi are in agreement 
with the present findings. MADDISON & 
Manners (1972), апа Dir AiMYi (1976) have 
reported the inhibitory action of sunlight 
on Puccinia graminispers and Trichophyton 
rubrum [cast] Sabour respectively. ВҮКА- 
Reppy (1986) brought out the inhibitory 
action of solar heat treatment on Beauveria 
bassiana, wherein he concluded that when 
the muscardine inoculated trays were disin- 
fected using solar radiation, the larval, 
pupal and total mortality were found to 
reduce to 8.5, 6.0 and 14.5 percent as 
against 72.0, 11.5 and 83.5 per cent morta- 
lity of the same stages when rearing was 
conducted in the infected trays. 


ТАВІЕ 1. Germination percentage of conidia of 
Beauveria bassiana (Bals.) Vuill after 
exposure to varied duration of sunlight 
(Solar heat treatment). 


Duration of 

exposure to Germination Transformed 
sunlight (22) values 
(days) V (x + 0.5) 
0.00 90.90 9.56 
0.50 76.26 8.76 
1.00 33.34 5.82 
1.50 27.10 5.25 
2.00 14.93 3.93 
3.00 3.76 2.06 
4.00 0.00 0.70 
5.00 0.00 0.70 
Formalin contro! 0.00 0.70 
C.D. at 5% 1.29 


Laryal mortality 


The larval mortality of silkworms diff- 
ered significantly due to differential duia- 
tions of solar heat treatment of muscardine 
inoculated trays compared to control (45.30 
per cent) It ranged from 0.00 to 20.00 
per cent in solar heat treatment duration 
range of 0.5 to 5.0 days establishing a 
clear inverse relationship (Table 2; Fig. 2). 


The larval mortality was significantly 
higher in 0.5 to 1.5 days durations (20.00 
to 17.33 per cent) compared to 2.0 to 5.0 
days duration, wherein, mortality was noti- 
ced to be 0.00 to 2.67 per cent signifying 
the importance of these durations for 
freeing fungal infections from the trays. 
Similarly, BvRA-REDDYv (1986) was able to 
reduce larval mortality to 8.5 per cent with 
solar treatment compared. to control (72.00 
per cent) wherein, the trays were artificially 
contaminated with fungal inoculum and 
were not disinfected, which is comparable 
to the present observations. 


Spinning percentage 


Solar heat treatment of varied durations 
of fungus inoculated trays significantly influ- 
enced the survival of spores which in turn 
the rearing parameter: spinning percentage. 
In all the treatments, spinning percentage 
increased significantly compared to control 
(54.60 percent). At 0.5 to 1.5 days dura- 
tion the spinning was significantly reduced 
(82.66 to 80.00 per cent), compared to 2.0 
to 5.0 days duration of solar heat treatment, 
wherein 97.33 per cent spinning was 
noticed evidencing almost cent per cent 
inactivation of fungal inoculum inoculated 
on trays (Table 2; Fig. 2). The findings 
are in accordance with those of BYRA-REDDY 
(1986) who reported lesser larval mortality 
leading to higher spinning when rearing 
was done in trays exposed to sunlight after 
infection compared to control. The lesser 
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spinning in lower duration treatment was 
due to incomplete inactivation of fungus 
and continuance of disease which is in 
conformity with KRISHNASWAMI et al. (1973) 
who reported the death of some diseased 
larvae either in larval stage or during the 
cocoon construction resulting іп lesser 
spinning of larvae. 


Pupation 


The pupation differed significantly due to 
differential duration of solar heat treatment 
of muscardine inoculated trays compared 
to control, wherein no pupation occurred. 


TABLE 2. 


The pupation ranged from 62.67 to 100.00 
per cent in solar heat treatment duration 
range of 0.5 to 5.0 days indicating a direct 
relationship. Тһе pupation was signifi- 
cantly lower in 0.5 to 2.0 days duration 
(62.67 to 76.67 per cent) compared to 
3.0 to 5.0 days duration wherein 99.00 to 
100.00 per cent pupation was observed 
signifying the importance of these durations 
for freeing the fungal infection from trays 
creating a sanitary condition for the 
purpose of silkworm rearing (Table 2; 
Fig. 2). Similarly, Byra-Reppy (1986) 
reported lesser pupal mortality due to 


Effect of solar heat treatment on inactivation of the conidia of the fungus Beauveria hassiana 


(Bals) Vuill. as revealed by rearing and cocoon parameters in ‘Pure Mysore’ race. 


Duration of Spinning 


Larval pupation Single Single Moth 
exposure mortality (%) (%) cocoon pupal emergence 
to sunlight % weight weight (%) 
(Days) (g) (g) 

0.00 45.33 54.60 0.00 0.75 0.00 9.00 
(6.79) (0.70) (0.70) (0.70) 
0.50 20.00 80.00 62.67 1.06 0.96 62.67 
(4.53) (7.95) (1.21) (7.93) 
1.00 20.00 80.00 70.00 1.29 0.97 70.00 
(4.53) (8.40) (1.21) (8.40) 
1.50 17.33 82.66 76.67 1.32 1.02 76.67 
(4.22) (8.78) (1..23) (8.78) 
2.00 2.67 97.33 76.67 1.33 1.03 76.07 
(1.78) (8.78) (1.23) (8.78) 
3.00 1.00 99.00 99.00 1.36 1.03 99.00 
(1.22) (9.97) (1.23) (9.97) 
4.00 0.00 100.00 100.00 1.36 1.08 100.00 
(0.70) (10.02) (1.25) (10.02) 
5.00 0.00 100.00 100.00 1.38 1.09 100.00 
(0.70) (10.02) (1.25) (10.02) 
Formalin control 0.00 100.00 100.00 1.46 1.12 100.00 
(0.70 (10.02) (1.27) (10.02) 
GD. ats 95 1.77 13.22 1.01 0.16 0.04 1.01 


+ 0.5 transformed values. 
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sunlight inactivation of fungal inoculum 


leading to higher pupation. 


Cocoon weight 


The influence of solar heat treatment 
was significant in improving the cocoon 
weight compared to control (0.75 g). The 
cocoon weight recorded above 1.0 days 
duration were found on par with that of 
formalin control (1.46 g). In the rest of 
the treatments, the cocoon weight recorded 
did differ significantly. It was found high- 
est at 5.0 days (1.38 g) followed by 4.0 
and 3.0 days (1.36 g) durations of treat- 
ments, signifying the influence of these 
durations in inactivating the fungal ino- 
culum (Table 2; Fig. 2). The findings 
are in accordance with those of BvRA- 
Reppy (1986) who reported on par cocoon 
weight with the sunlight treatment (1.852 g) 
and formalin treated control (1.852 g). 


Pupal weight 


Solar heat treatment of fungal inoculated 
trays significantly influenced the pupal 
weight of the worms reared in them. Amo- 
ngst the treatments, the pupal weight did 
not vary significantly with the worms which 
were reared in the inoculated trays exposed 
to different days of treatment. Lt ranged 
from 0.96 to 1.09 g and were inferior to 
formalin treated control (1.12 g) illustra- 
ting the biassed scope of solar heat treatment 
inactivating the fugal inoculum. The 
non-pupation and lesser pupal weight in 
some of the treatments was due to disease 
residues іп the individuals. (Table 2; 
Fig. 2). The present findings аге com- 
parable with those of ARBOUSSET (1993) and 
KRISHNASWAMI et al. (1973) who reported 
decreased  cocoon/pupal weight due to 
muscardine infection. VENKATARAMANA- 
Reppy (1978) also opined similarly, recor- 
ding decreased pupal weight due to devi- 
talisation of pupae ол account of 


muscardine infection. However, BYRA- 
Reppy (1986) recorded on par pupal weight 
with sunlight treatment (1.497 g) and control 
formalin treated trays (1.395 g). 


Moth emergence 


The influence of solar heat treatment of 
inoculated trays was significant in altering 
the moth emergence. It was in direct 
relationship with increased solar heat treat- 
ment. Although 54.60 per cent of spinn- 
ing was noticed in worms which were reared 
in trays inoculated with fungus, but not 
exposed to solar treatment, no pupation 
was observed consequently leading to 
non-emergence of moths. Moth emergence 
of 62.67 to 76.67 per cent was observed in 
treatment of 0.5 to 2.0 days of solar heat 
treatment which indicated the inactivation 
of fungal inoculum. Cent per cent moth 
emergence was observed in case of further 
increase of solar heat treatment for 3.0 to 
5.0 days duration which was on par with 
emergence observed in formalin treated 
control. This revealed that the 3.0 to 5.0 
days duration of solar heat treatment 
was optimal for fungal inactivation and 
promotion of better rearing practices resul- 
ting in good moth emergence (Table 2) 
(Fig. 2). Тһе lesser emergence observed а 
lower durations was due to incomplete 
inactivation of fungs and continuance of 
disease. Similar findings were observed 
Бу ARBOUSSET (1893), Mukers (1912), 
KRISHNASWAMI et al. (1973) and VENKATA- 
RAMANA - REDDY (1978) who reported the 
lightness of muscardined cocoons, the inside 
pupae being dead leading to non-emergence. 
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TO SCAPHOIDEUS (HOMOPTERA: CICADELLIDAE) AND 
FIVE NEW SPECIES FROM SOUTH INDIA 
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Department of Entomology, University of Agricultural Sciences, GK VK, Banglaore 
India 560 065 


(Received 30 October 1992) 


A new genus Scaphodharc (type species, Scaphodhara sahyadrica n. sp.) is described. 


It is related to 


Scaphoideus Uhler but differs in not having paraphysis to the connective and in possessing an inter- 


mediate sclerite between aedeagus and connective. 


Five new species namely, Scaphodhara biloba n. sp. 


(from Karnataka: Belgaum, Dharwar), S. sahyadrica m. sp. (from Karnataka: Mindigere, Kerala: 
Calicut, Meppadi, Thekkadi), 5. periyari n. sp. (from Kerala: Thekkadi), S. raoi n. sp. (from Karnataka: 
Dharwar, Tamil Nadu: Nilgiris) and S. neela n. sp. (from Kerala: Munnar, Thekkadi) are described 
and illustrated. Their relation with each other and with some species of Scaphoideus is also discussed. 


A key to the included species is also given. 


(Key words: 


During a revisionary study of the genus 
Scaphoideus Uhler in the Indian subconti- 
nent, a few specimens which apparently 
looked like the species complex of Scaphoi- 
ideus albovittata Matsumura, 8. hirlani 
Kitbamroong and Freytag, Scaphoideus 
knapii Kitbamroong and Freytag (Kitbam- 
roong and Freytag, 1978) and Scaphoideus 
insignis (Distant) (Distant, 1918) were colle- 
cted along the Western Ghats in the States 
of Karnataka, Kerala and Tamil Nadu. 
On a closer examination they were found 
to form a natural group distinct from 
Scaphoideus and are here described as the 
new genus Scaphodhara. 


The holotypes of the new taxa described 
here are deposited іп the Department of 
Entomology, University of Agricultural 
Sciences, Bangalore (UAS). The paratypes 
will be deposited in the National Pusa 
Collection, Indian Agricultural Research 
Institute, New Delhi (IARD, The Natural 
History Museum, London (NHM) and the 


Scaphodhara, Scaphoideus, Leafhoppers, new genus, new species) 


U.S. National Museum of Natural History, 
Washington, D.C. (USNM) as indicated 
under each species. 


Scaphodhara n. gen. 


Type species: Scaphodhara sahyadrica n. sp. 


Colouration similar to some species of 
Scaphoideus namely 8. insignis, S. albovit- 
tatus, S. hirlani, and 8. knapii. Head, 
pronotum, scutellum and folded forewings 
traversed by a broad median ivory ог 
yellowish white stripe flanked by lateral 
brown fascia. 


Head including eyes narrower than pro- 
notum. Head bluntly conically pointed 
anteriorly. Vertex longer than interocular 
distance. Face longer than wide, ratio 
between width of frontoclypeus at apex 
to that between bases of antennae varies 
from 1:1.48 to 1.68. Pronotum 0.46 
times as long as wide, usually shorter than 
scutellum. Forewing similar to that in 
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Scaphoideus. Fore femora without short 
stout setae but with 9 to 11 hair-like setae 
on meso-apical area, middle femora with 
short stout setae or uniform length. 


Male pygofer longer than its height, with 
a ventrally directed process on dorsal margin 
caudally rounded or bluntly pointed lobe 
with tufts of long and scattered setae. Sub- 
genital plate triangular, attenuated caudally 
and some times bifid. Style with well 
developed preapical lobe, apophysis short, 
curved laterally, apex either sharply ог 
bluntly pointed, its body often rugose. 
Connective Y-shaped in anterior part, an 
intermediate, unpigmented, sclerite often 
present between aedeagus and connective 
with which it is either articulated or fused. 
Aedeagus often compressed and with a 
pair of apical processes. Gonopore apical. 
Ovipositor extending beyond pygofer. 


Remarks: Scaphodhara and Scaphoideus 
are very closely related. Some species of 


both the genera have identical colouration 
and hence are difficult to separate without 
recourse to the examination of male geni- 
talia. The accompanying table of characters 
help of separate the genera. 


KEY TO THE SPECIES OF SCAPHODHARA 


1. Male subgential plate bilobed (Fig. 5); aedeagal 
shaft strongly curved appearing C-shaped 
(Fig. 9); apophysis of style stout, with rounded 
apex (Fig. 6) (Karnataka: Belgaum. Dharwar). 
E n E AE ATE ctore eset iv rte S. biloba n. sp. 


— Male subgenital plate not bilobed; aedeagal 
shaft straight, apophysis of style slender, curved 
laterally with an acute apex ..................... 2 


2. Aedeagal shaft compressed, processes at least 
half as long as shaft, strongly recurved antero- 
ventrally: (Figs: 2i, 32. 42) «te 3 


— Aedeagal shaft not strongly compressed, pro- 
cesses short, less than 0.25 as long as shaft, 
anteriorly directed (Fig. 50) (Kerala: Munnar, 
Thekkadi): te ess S. neela n. sp. 


3. Preatrium of aedeagus very well developed, 
prolonged, about 0.75 as long as shaft (Fig. 42) 


Character Scaphodhara Scaphoideus 
Ratio between width 1: 1.19 to 1.4 ] & 1402 
and length of vertex 
Ratio of width of 1 : 1.48 to 1.08 ] : 1.68 to 1.32 
frontoclypeus at apex to that 
between antennal bases 
Paraphysis Absent Present 
Intermediate unpigmented Present except in Absent 


sclerite between aedeagus 
and connective 


Aedeagus Fairly large, with a 
pair of apical or 
subapical processes. 

Colouration А median ivory or 


yellow stripe traversing 


S. biloba n. sp. 


Fairly small, often 
very small, with or 
without apical processes. 


Variable, a few species 
with similar colouration. 


head, pronotum, scutellum 
and folded forewings. 
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Dharwar, 


Tamil Nadu: Nilgiris 
S. raoi n. sp. 


(Karnataka: 


Preatrium of aedeagus short, less than 0.5 
ds longease shalt ага а Ба ае ен 4 


Aedeagal shaft longer, 0.26 as wide as long in 
lateral aspect (Fig. 21); caudal lobe of pygofer 
rounded (Fig. 16); only one reflexed vein joining 
outer anteapical cell (Fig. 15) (Karnataka: 
Mudigere. Jog Falls, Kerala: Calicut, Meppadi. 
Thekkadi) S. sahyadrica n. this. 


Aedeagal shaft shorter, 0.4 as wide as long in 
lateral aspect (Fig. 32); caudal lobe of pygofer 
acutely angled (Fig. 28); both reflexed veins 
joining outer anteapical cell (Fig. 27) (Kerala: 
Thekkadi) 


S. periyari n. sp. 


Figs. 1-11. Scaphodhara biloba n. sp. 


setae not shown; 5. Subgenital plate; 6. Style; 
lateral aspect; 10. Aedeagal shaft, dorsa! aspect; 
and 11, and 0.1 mm for Figs. 4 to 10. 


1. Head and thorax; 


15 


1. Scaphodhara biloba n. sp. (Figs. 1-11) 


A narrow orange stripe on vertex, pro- 
notum and scutellum оп median ivory 
stripe on either side of median line. А spot 
at apex of vertex, two adjacent slightly 
transverse spots to it partially visible from 
above, an oblique spot arising from each 
ocellus, anterior margin of eyes, dark 
chocolate brown. Face ochraceous, area 
above a line across antennal base with two 
complete and two to three incomplete 
transverse dark chocolate brown fasciae; a 
transverse brown fascia across lower angle 
of compound eyes. A spot on gena adja- 
cent to lorum light brown. Lateral aspect 


6 


> 


7 


Face; 3. Ovipositor; 4. Pygofer, long 
7. Apohysis of style; 8. Connective; 9. Aedeagus, 
11. Forewing. Scale refers to 0.5 mm for Figs 1, 2, 3 
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of pronotum with two long brown stripes, 
extreme lateral margin and area between 
the brown stripes ochraceous. Basal angles 
of scutellum brown. Ventral spot on ері- 
meron and a large spot on mesepisternum 
brown. Amnterior area of fore wing hyaline, 
venation brown, a spot on cross vein between 
outer and median apical cell, medial area, 
median anteapical cell longitudinally dark 
brown. Legs ochraceous, hind tibiae spotted 
with brown at bases of spines and at apex. 


Vertex depressed medially, slightly bro- 
ader between eyes than its median length, 
anteriorly acutely angled, coronal sulcus 
teaching 0.75 of length. Vertex, pronotum 
апа scutellum polished. Claval veins 
connected by a cross vein, outer claval 
vein connected with claval suture. Outer 
anteapical cell 0.75 as long as median 
anteapical cell, two reflexed veins connect 
outer anteapical cell with costal margin. 


Male genitalia: Pygofer with caudodorsal 
area rounded, with submarginal tufts of 
long setae in addition to scattered setae on 
ventral half. Subgenital plate with bilobed 
apex. Style stout, short, apophysis well 
developed, pustulated, half as long as total 
length of style. Connective Y-shaped, with 
well developed dorsal apodeme, as long as 
shaft, aedeagal shaft directed caudally, of 
uniform width in lateral aspect, with a 
pair of antero-ventrally curved subapical 
processes. Gonopore elongate, on ventral 
margin. 


Female genitalia: Seventh sternum slightly 
longer than sixtb, its caudal margin medially 
produced into a bilobed rather W-shaped 
process. 


Measurements: Male 5.7 to 6.5 mm long, 
head 1.3 to 1.42 mm across eyes, pronotum 
1.4 to 1.58 mm wide. Female 6.8 mm 
long, head 1.5 mm wide across eyes, pro- 
notum 1.65 mm wide. 


Material examined: Holotype d, INDIA, 
Karnataka: Ag. Coll. Dharwar, 10. viii. 
1972, С.А. Virakatamath (UAS). Para- 
types 2 4, 2 9, INpr.: Karnataka: Bel- 
gaum, 30.vii.1973, C. A. Viraktamath; I d, 
INDIA : Karnataka: 19 km W of Dharwar, 
12.хі.1991, C. A. Viraktamath (IARI, 
NHM, UAS, USNM). 


Remarks: Externally this species resem- 
bles Scaphoideus insignis (Distant) but 
differs in lacking the paraphysis and also 
in the structure of male genitalia. It is 
unique among Scaphodhara in having 
bilobed apex of subgenital plate and slender, 
strongly recurved aedeagal shaft. 


2. Scaphodhara sahyadrica n. sp. (Figs. 
12-22). 


Vertex, median stripe on pronotum and 
scutellum creamy white; an oblique spot 
on either side of median line near apex of 
vertex on anterior margin fuscous; an 
irregular spot behind each ocellus reddish 
brown with anterior and lateral fuscous 
markings. Face above with four transverse 
bands and a transverse spot below each 
atennal base piceous. Lateral area of 
pronotum yellowish brown with darker 
inner margin. Basal triangles of scutellum 
fuscous with inner darker margin, an oblique 
fascia on proepisternum, meso and meta 
thoracic pleura fuscous. Clavus with hya- 
line inner margin, claval cell between veins 
brownish with a median dark brown patch, 
corium with a brown patch on inner antea- 
pical cell, third apical cell, costal area at 
basal 0.33, oblique fascia to costa dark 
brown, venation brown. Three spots on 
middle tibia, first and second tarsomeres 
of middle leg, bases of hind tibial spines 
on outer margin, apex of first tarsomere 
and second tarsomere except apex piceous. 


Head bluntly conically pointed; narrower 
than pronotum, vertex medially 1.6 times 
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Figs. 12-22. Scaphodhara sahyadrica n. sp. 12. 


Ovipositor; 15. Forewing; 16. Male pygofer; 17. 
lateral view; 20. Connective; 21. 
aspect; 22. Same, dorsal aspect. 


longer than imterocular distance. Outer 
apical cell 0.5 as long as inner one. Two 
or three reflexed veins between costa and 
outer anteapical cell. 


Male genitalia: Pygofer elongate, with 
two tufts of subapical setae, caudal margin 
rounded, pygofer process simple. Sub- 
genetal plate with apical 0.66 part narrowed, 
basal 0.33 braod, with four long setae 
arranged in an oblique row. Apophysis of 
style 0.33 as long as length of style, with a 
subapical tooth and serrated ventral margin. 


Head and thorax, male; 13. 


Same, female; 14. 


Subgenital plate; 18. Style; 19. Apex of style 


Connective, intermediate sclerite (arrowed) and aedeagus in lateral 
Scale refers to 0.5 mm for Figs. 12-15 and 0.1 mm for Figs. 16 to 22. 


Connective fused with intermediate sclerite, 
stem of Y longer than arm, aedeagus with 
well devloped slightly arcuate dorsal apo- 
deme, shaft directed caudally, strongly 
compressed, with an apical pair of arcuate 
processes directed anteriorly and ventrally. 
Gonopore apical. 


Female genitalia: Hind margin of 
seventh sternum medially slightly conically 
produced, twice as long as median length of 
sixth sternum. 
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Measurements: Male 4.2 to 4.5 mm 
long, head 0.88 to 1.0 mm wide across 
eyes, pronotum 0.98 to 1.05 mm wide. 
Female 4.7 to 5.3 mm long, head 1.05 
to 1.17 mm wide across eyes, pronotum 
1.1 to 1.27 mm wide. 


Material examined: Holotype 4, INDIA: 
Kerala: Meppadi, 690 m, 17-18.x.1975, 
Ghorpade Coll. No. A244 (UAS). Para- 
types: 1 d, data as for holotype; 24, 99, 
India: Karnataka; Mudigere, 970 m, coll- 
ected on 8.iv.1975 (2 9), 1.уі.1978 (1 9), 
2.vi.1978 (1 9), 4.vi.1978 (1 9), 7.iv.1980 
(19) by C.A. Viraktamath; on 2.vi.1978 
(19) by H.S. Krishnamurthy; on 24.vi. 1989 
(1 4, 4 9) by У.У. Belavadi; Kerala: 1 &, 


Figs. 23-34. Scaphodhara periyari n. sp. 23. Head and thorax, male; 


26. Ovipositor; 27. Forewing; 
30. Style, 31. Apex of style; 


thorax, female; 
Subgenital plate; 
lateral view; 33. 


28. 


Same, and pygofer process, ventrocadual view; 34. 


19, Thekkadi, 884 m, 26.iii.1977, C. A. 
Viraktamath and on 27.iii.1977, B. Mallik 
(IARI, NHM, UAS, USNM). 


Remarks: 8. sahyadrica is closely related 
to 8. raoi n. sp. and 6. periyari n. sp. 
They have similar male genitalia. S. 
sahyadrica can however be differentiated 
from both of them by the absence of median 
orange coloured fascia on vertex and thorax, 
simple pygofer process and by the shorter 
process of the aedeagal shaft. 


3. Scaphodhara periyari n. sp. (Figs. 23-34) 


Colouration as in 5. sahyadrica with 
following differences. Spots behind ocelli 


24. Face, male; 25. Head and 
Male pygofers only setal bases shown; 29. 
32. Connective, intermediate sclerite and aedeagus, 
Pygofer process, lateral view 


Scale refers to 0.5 mm for Figs. 23 to 34 and 0.1 mm for Figs 28 to 34. 
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on vertex reddish. Lateral area of prono- 
tum more uniformly brownish. Median 
sulcus and median line traversing length 
of prontoum and scutellum orange. 


Vertex medially 1.4 times as long as 
interocular distance. Pronotum slightly 
wider than head, more than twice as wide 
as long. Outer anteapical cell about 0.5 
times as long as median anteapical cell. 


Male genitalia: Pygofer with its caudal 
margi bluntly conical, submarginal tufts 
of long setae, dorsal pygofer process well 
developed with two to five finger-like pro- 
cessess distally. ^ Subgenital plates 0.5 
times as long as pygofer, elongate, broad 
at basal 0.33, narrowed to apex, with three 
long setae, in an oblique row. Apophysis 
of style laterally curved, ventral margin 
serrate. Connective with stem of Y twice 
as long as arm, fused with intermediate 
sclerite. Aedeagus strongly compressed, 
with a pair of strongly recurved long apical 
processes, dorsal apodeme well developed. 


Female genitalia: Seventh sternum twice 
as long as sixth, caudal margin narrowly 
piceous in the middle and rather straight 
with a median slight excavation. 


Measurements: Male 4.6 to 4.7 mm long, 
head 0.97 mm to 1.0 тт wide across 
eyes, pronotum 1.05 to 1.07 mm wide. 
Female 5.0 mm long, head 1.07 mm wide 
across eyes, pronotum 1.15 mm wide. 


Material examined: | Holotype d, INDIA: 
Kerala: Thekkadi, 884 m, 27.iii.1977, 
C. A. Virakatmath (UAS). Paratypes: 3 с, 
data as for holotype but 14 collected by 
B. Mallik, 14 on 26.iii.1977 by S. Virak- 
tamath; 19 Kerala; Maraiyur, 1066 m, 
24.11.1977, B. Mallik (IARI, UAS). 


Remarks: This species can easily be 
recognised by the median orange line on 
mid dorsal line on head, pronotum and 


scultellum in which it resembles 49. neela 
sp. n. but it lacks the tiny black spot at 
apex of vertex. It differs from 15. neela 
in having aedeagus of the type found in 
sahyadrica and raoi but shorter and stouter. 


4. Scaphodhara raoi n. sp. (Figs. 35-43). 


Colouration similar to that in S. sahya- 
drica but all brown markings darker, appea- 
ring chocolate brown to black in males. A 
median apical small spot at apex of vertex 
blackish. А medain faint narrow stripe 
on vertex and a line either side of median 
line on pronotum and scutellum yellowish, 
more pronounced in males. 


Head. bluntly produced in front. Vertex 
1.33 (d) to 1.5 (9) as long as іліегосшаг 
distance. Pronotum as long as or shorter 
than scutellum. Two (in paratypes) to 
three reflexed veins reaching outer antea- 
pical cell from costa, outer  anteapical 
cell often subdivided (in paratypes). 


Male genitalia: Pygofer elongate, with 
an asymmetrically forked dorsal process. 
Subgenital plate triangular, caudally 
narrowed. at basal 0.33 bearing 3 long setae. 
Style short, stout, apophysis short, laterally 
curved with a pointed apex. Connective 
short, stem of Y 0.5 times as long as arm. 
Aedeagus with anteriorly prolonged, for- 
Кей preatrium, dorsal apodeme short, shaft 
compressed, directed caudally, with a pair 
of strongly recurved apical processes aris- 
ing on dorsal angle of shaft. 


Female genitalia: Seventh sternum twice 
as long as sixth, caudal margin medially 
broadly produced with a median notch. 


Measurements: Male 4.2 to 4.3 mm 
long, head 1.0 mm wide across eyes, prono- 
tum 1.0 mm wide. Female 4.5 mm long, 
head 1.05 mm wide across eyes, pronotum 
1.05 mm wide. 


20 C. А. VIRAKTAMATH & С. S. MOHAN 


Figs. 35-43. 


thorax, female; 38. Ovipositor; 39. Forewig; 


Scaphodhara raoi n. sp. 35. Head and thorax, male; 36. 


40. Male pygofer, only setal bases shown; 
Connective, intermediate sclerite, aedeagus, lateral view; 43. Same and pygofer process, ventral 


Head and 
41. 
view. 


Face, male; 37. 


Scale refers to 0.5 mm for Figs. 35 to 39 and 0.1 mm for Figs. 40 to 43. 


Material examined: Holotype 4, INDIA: 
Karnataka: 19 km W of Dharwar, 12.xi. 
1991, С. A. Viraktamath (UAS). Para- 
types: 19, data as for holotype; 1 d 
INDIA: Tamil Nadu: Madumalai: Doda- 
gatti, 1080 m, 24.xii.1991, Thyagaraja, 
(IARI, NHM). 


Remarks: This species differs from 
S. sahyadrica and S. periyari to which it is 
closely related in having very much elon- 
gated preatrium. |t is named in honour 
of Dr. K.R. Rao, Zoological Survey of 
India, Madras. 


5. Scaphodhara neela n. sp. (Figs. 44-52). 


Colouration as in 85. sahvadrica with 
following differences. A median reddish 
orange line traversing from basal 0.66 on 
vertex to apex of scutellum, apex of vertex 
with a minute fuscous spot; sinuate line 
on lateral margin widened as a pot at its 
apex on vertex, fuscous; a large round 
reddish brown spot confluent with posterior 
widened spot of this line. Face with three 
arcuate bands above bases of antennae dark 
fuscous, lateralmost margin ochraceous; 
scutellum with basal fuscous triangles. 
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Figs. 44-52. 


only setal bases shown; 47. Subgenital plate; 


sternum. Scale refers to 0.5 mm for Figs. 44. 


Head acute angled, narrower than pro- 
notum. Vertex 1.4 times as long as inter- 
ocular distance. Outer anteapical cell 0.33 
as long as median anteapical cell. 


Male genitalia: Pygofer with a simple 
dorsal process, caudally rounded.  Sub- 
genital plates as in S. sahyadrica. Apophy- 
sis of style rather foot-shaped apically, 
its surface with short discontinuous, trans- 
verse rugae. Connective with stem as 
long as arm, fused with intermediate 
sclerite. Intermediate  sclerite broadened 
caudally, fused with aedeagus. Aedeagal 


Scaphodhara neela n. sp. 44. Head and thorax, male; 45. 


48. Style: 
ective, intermediate sclerite and aedeagus, lateral view; 51. 
45 and 52 and 0.1 mm for Fgs. 46-51. 


Forewing; 46. Male pygogfer 
49. Style apex, lateral aspect; 50. Conn- 
Same, ventral view; 52. Female seventh 


shaft elongate, more or less of uniform 
width in lateral aspect, slightly sinuate, 
with a pair of short, ventrally directed 
apical processes. 


Female genitalia: Seventh sternum 
twice as long as sixth, caudal margin broa- 
dly produced in the middle. 


Measurements: Male 5.8 mm опр, 
head 1.17 mm wide across eyes, pronotum 
1.3 mm wide. Female 5.9 mm long, head 
1.1 mm wide across eyes, pronotum 1.18 
mm wide. 


22 С.А. VIRAKTAMATH & G.S. MOHAN 


Material examined: Holotype ¢, INDIA 
Kerala: 12.5 km N. Munnar, 1972 m, 
23.11.1977, С. А. Viraktamath (UAS). 
Paratypes : 14, data as for holotype; | 9, 
Kerala, Thekkadi, 884 m, 27.11.1977, С.А. 
Virakatamath (IARI, UAS). 


Remarks: S. neela is uniqe among the 
species of Scaphodhara in having elongate 
aedeagal shaft with shorter processes. 
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THREE NEW SPECIES OF IDIOCERUS (HEMIPTERA: 
CICADELLIDAE) FROM NORTH INDIA 


C. А. VIRAKTAMATH & А. S. Soni! 
Department of Entomology, University of Agricultural Sciences, GKVK, Bangalore, India 560 065 


(Received 30 January 1993) 


Idiocerus Lewis, a predominantly holarctic idiocerine genus has been recorded for the first time from 


north India. 


Three new species namely, /diocerus sharmai sp. nov. (from Sundarnagar on Salix sp.), 


Idiocerus cedarae sp. nov. and /diocerus deodarae sp. nov. (both from Kufri, Simla on Cedrus deodara) 
are described and illustrated. А key to these three species is also given. 


(Key words: 


During a survey for collection of leaf- 
hoppers in north India, we discovered 
three species of idiocerine leafhoppers from 
Himachal Pradesh feeding on trees of the 
genera Salix and Cedrus. These were later 
recognised as new species of the genus 
Idiocerus Lewis and are described here. 
We also have in our collection two other 
species of the genus from Jammu and Kash- 
mir represented by female specimens and 
hence have not been included in this paper. 


From the time Lewis (1834) described 
the genus Jdiocerus (type species Idiocerus 
stigmaticalis Lewis), thirteen species of 
idiocerine leafhoppers have been described 
in the genus from the Indian subcontinent 


by Lethierry (1889), Melichar (1903), 
Distant (1908, 1912), Baker (1924) and 
Pruthi (1930, 1936). However, These 
species have now been transferred to genera 
other than /diocerus namely, Amritodus 
Anufriev, | Balocha Distant, Idioscopus 


Baker and Pedioscopus Kirkaldy, suggesting 
that no true /diocerus has been recorded 
from the Indian subcontinent (including 
Pakistan, India, Sri Lanka, Nepal, Bengla 


1 Department of Entomology, Punjab Agricultural 
University, Ludhiana, India 141 004. 


Idiocerus, [diocerinae, leafhoppers, new species) 


Desh, Bhutan and Burma). Therefore, this 
forms the first authentic record of the genus 
from the subcontinent. 


Most commonly found indiocerine genus 
on the subcontinent is Idioscopus, the species 
of which breed on plants of the family 
Anacardiaceae and a few species are serious 
pests of mango, Mangifera indica L. (Vira- 
ktamath, 1989). Тһе genus /diocerus can 
be distinguished from /dioscopus as follows. 


1. Hind femora with two apical spines; 
face flat Idiocerus 


— Hind femora with two apical and one 
subapical spines; face convex 
. Idioscopus 


The Indian species of /diocerus are char- 
acterised as follows. Head short, wider 
than pronotum. Eyes prominent, protru- 
ding. Vertex 6 to 8 times as wide between 
eyes as median length, shorter medially 
than adjacent to eye; transversely finely 
rugulose. Face flat, shorter than width 
including eyes, antennal pits shallow, area 
dorsad of ocelli finely, arcuately, rugulose. 
Ocelli closer to adjacent eye than to median 
line. Clypellus narrowed in middle, 1.5 
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times as long as its width at base, medially 
constricted, rather as broad at base as at 
apex, extending beyond genal curve. Male 
antenna with expanded flagellar disc. 
Labium similar in both sexes, reaching 
anterior margin of hind coxae. Pronotum 
shagreened, 2 to 2.5 times as wide as 
median length, shorter than scutellum. 
Fore wing with 4 apical and three anteapical 
cells; inner anteapical cell longest, closed 
behind, outer  anteapcal cell smallest. 
Hind tibial spinulation Ry 1842, Ry 7+1, 
R, 8+1. Hind basitarsus with two pate- 
Hae on apical transverse row of setae. Both 
tergal and sternal apodemes at base of 
male abdomen мей developed. Male 
pygofer dorsally incised on anterior half 
unarmed. Ала! collar мей developed. 
Dorsal apodeme and preatrium of aedeagus 
well developed, shaft tapered caudally. 
Female second pair of valvulae with teeth 
confined. to 0.25 length. 


KEY TO INDIAN SPECIES OF IDIOCERUS 


1. Pronotum with numerous balck spots on anter- 
ior half, triangular spots on scutellum with 
apical mesal extension (Fig. 22); hind margin 
of female seventh sternum rather hemispherical 
(Fig. 30); teeth on second pair of valvula widely 
spaced, with not more than 15 teeth (Fig. 32) 

I. deodarae sp. nov. 


— Pronotum with at most 4 black spots; triangular 
spots on scutellum without a mesal extension 
(Fig. 1); hind margin of female seventh sternum 
sinuate or medially produced (Figs. 10, 19); 
teeth on second pair of valvula closely spaced, 
with more than 16 teeth (Figs 11, 20) ...... 2 


2. Male tergal apodeme at base of abdomen well 
developed exceeding third tergum, as long as 
broad (Fig. 21); dorsal apodeme of aedeagus 
stout, darkly pigmented (Figs. 16, 17, 18); 
hind margin of female seventh sternum convex 
with median excavation (Fig. 19). on Cedrus 
deodara Г. cedarae sp. nov. 


— Male tergal apodeme at base of abdomen broad, 
twice as broad as long, not reaching hind margin 
of third tergum (Fig. 12); dorsal apodeme of 
aedeagus slender, less pigmeted (Fig. 7); female 


seventh sternum medially produced and bilobed 
(Figs. 9, 10) on Salix sp...... I. sharmai sp. nov. 


The types of the new taxa are deposited 
in the University of Agricultural Sciences, 
Bangalore (UAS), Punjab Agricultural 
University, Ludhiana (PAU), Indian Agricul- 
tural Research Institute, New Delhi (ARI) 
and The Natural History Museum, London 
(NHM). 


Idiocerus sharmai sp. nov. (Figs. 1-12). 


Pale ochraceous. А round spot on either 
side of vertex closer to adjacent eye than 
to each other black. Elongate stripe on 
lateral aspect of clypeus fuscous. Disc of 
antenna in male black. Pronotum with black 
and fuscous spots as shown in Fig. 1. Basal 
triangles of scutellum black, in a few speci- 
mens an anterior median stripe and poste- 
rior paired stripes fuscous in addition to a 
fuscous spot on either side of median line. 
Fore wing hyaline, veins brown interrupted 
by white. 


Vertex with interocular distance 7 to 8 
times as wide as median length. Pronotum 
2.3 to 2.5 times as wide as long. Third 
tergal abdominal apodemes short, broad 
not exceeding third tergum. Second sternal 
abdominal apodemes short not exceeding 
second sternum. 


Male genitalia: Апа! collar process 
bilobed, dorsal lobe longer than ventral 
lobe. Connective well sclerotized, larger 
than that in Idiocerus cedrus. Style with 
apophysis smoothly curved dorsally, its 
apex slightly excavated and with a single 
stout subapical spine. Aedeagus with well 
developed but poorly pigmented, slender 
dorsal apodeme compared to 1. cedrus; 
shaft gradually caudodorsally curved. 


Female genitalia: Hind margin of sev- 
enth sternum medially produced with 
bilobed structure. Second pair of valvula 
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Figs. 1-12. Idiocerus sharmai sp. nov. 1. 
4. Anal collar process; 5. Style: 6. Connective; 
shaft, caudal view; 9. Ovipositor; 10. 


of valvula; 12. 
0.1 mm in others. 


with closly spaced 20 teeth on cutting edge. 
Ovipositor extending well beyond pygofer. 


Measurements: Male 4.90 to 5.00 mm 
long, 1.70 to 1.72 mm wide across eyes. 
Female 5.20 mm long, 1.72 mm wide 
across eyes. 


Material examined: Holotype 2, INDIA: 
Himachal Pradesh: Sundarnagar, 18.у. 
1975, A. S. Sohi, on Salix sp. (UAS). 
Paratypes: 34, 19, data as for holotype 


(IARI, NHM, PAU, UAS). 


Remarks: 1. sharmai is very closely related 
to 1. cedarae which it resembles. It differs 


Head and thorax; 2. 


Female seventh sternum; 11. 
Male apodemes of abdominal tergum. Scale indicates 1.0 mm іп Figs 1,2,9 and 


gr VN 


T A 


Тозу 
2 


Face; 3. Male pygofer, lateral view; 
7. Aedeagus, lateral view; 8. Apex of aedeagal 
Apex of female second pair 


from 1. cedarae in having poorly developed 
tergal and sternal apodemes of male abdo- 
men and im having more slender dorsal 
apodeme of aedeagus and in the shape of 
the female seventh sternum. This species 
is named in houour of Dr Baldev Sharma, 
University of Jammu, Jammu, India. 


Idiocerus cedarae sp. nov. (Figs. 13-21). 


Colouration as in /. sharmai but darker. 
Facial fuscous stripes in male more elongate. 
Markings on scutellum darker. Thoracic 
sterna black. 


Vertex with interocular distance 6 to 8 
times as wide as median length. Pronotum 
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2.0 to 2.4 times as wide as long. Third 
abdominal tergal apodeme very well deve- 
loped, strongly sclerotized, dark pigmented 
exceeding length of third tergum. Second 
sternal apodeme well developed, pigmented 
reaching posterior margin of second sternum. 


Male genitalia: Anal collar process 
obliquely truncate. Apophysis of style 
smoothly curved dorsally with a subapical 
stout seta. Connective shorter and more 
slender than that in /. sharmai. Dorsal apo- 
deme of aedeagus stout, black pigmented, in 
dorsal aspect T- shaped, with its arms and 
stem of equal length, shaft stouter than 
in J. sharmai. 


Female genitalia: Hind margin of seve- 
nth sternum convexly rounded, medially 


Figs. 13-21. 
15. Connective; 16. 
apodeme of aedeagus, dorsal view; 19. 
valvula; 21. 


Idiocerus cedarae sp. nov. 13. 
Connective and aedeagus, lateral view: 
Female seventh sternum; 20. 
Scale indicates 0.1 mm. 


Male apodemes of abdominal tergum. 


slightly excavated. Second pair of valvula 
with 22 closely spaced teeth. Ovipositor 
extending well beyond pygofer. 


Measurements: Male 4.80 to 4.90 mm 
long, 1.65 to 1.75 mm wide across eyes. 
Female 5.00 to 5.30 mm long, 1.75 to 1.77 
mm wide across eyes. 


Material examined: Holotype d, INDIA 
Himachal Pradesh: Kufri, Simla, 2600 m, 
15.x.1979, ex Cedrus deodara, С. A. Vira- 
ktamath (UAS). Paratypes: 1 4, 49, data 
as for holotype (IARI, NHM, PAU, UAS). 


Remarks: This species is closely related 
to 1. sharmai and сал be distinguished from 
it in addition to the characters mentioned. 
under that species by its stouter body. 


21 
Male pygofer and subgenital plate; 14. Style; 
17. Aedeagus, caudal view; 18. Dorsal 


Apex of female second pair of 
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Шіосегив deodarae sp. nov. (Figs. 22-32). 


Ochraceous with brown and black mark- 
ings as shown in Fig. 22. А spot on either 
side of vertex closer to adjacent eye than to 
each other black. Male antennal disc 
black. Pronotum with a transverse row 
or irregular black spots ала with а pair of 
broad brown patch one on either side of 
mid line. Basal triangles of scutellum 
black with a mesal extension, median stripe 
forked apically dark fuscous. Fore wing 
with dark brown veins interrupted with 
white markings as in Fig. 24 and basal 
spot on mid tibia, area between Ry and R3 
of hind tibia, fore and mid. tarsi, apices of 
hind tarsomeres fuscous. Thoracic sterna 


Idiocerus deodarae sp. nov. 


22. Head and thorax; 23. Face; 24. Fore wing; 25. Male 
26. Style; 27. Connective and aedeagus, caudodorsal view; 28. Aedea- 
29. Dorsal apodeme of aedeagus, dorsal view; 30. Female seventh sternum; 31. Apex 


Figs. 22-32. 
pygofer and subgenital plate; 
gus, lateral view; 
of female second pair of valvula; 
Figs 22, 23 and 0.1 mm in others. 


chocolate brown  margined Бу yellow. 
Upper part of face and vertex, an arcuate 
narrow band across face beneath ocelli 
dark fuscous in female. 


Vertex with interocular distance 6 to 8 
times as wide as median length. Pronotum 
2.2 to 2.5 times as wide as length. Tergal 
apodemes of the third abdominal segment 
well developed, black, not exceeding third 
tergum. Second abdominal sternal apodemes 
elongate, reaching middle of third sternum. 


Male genitalia: Male pygofer dark 
pigmented except a ventromedial round 
hyaline area. Anal collar process hook-like. 
Apophysis of style with finely serrated 


32. Male apodemes of abdominal tergum. Scale indicates 1.0 mm in 
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ventral margin, its apex not excavated with 
two stout subapical spines. Connective 
black pigmented. Dorsal apodeme of 
aedeagus very stout, sclerotized, black, in 
dorsal aspect T-shaped with arms longer 
than stem, aedeagal shaft gradually curved 
caudodorsally. 


Female genitalia: Hind margin of seventh 
sternum hemispherically rounded, with a 
median concave excavation. Ovipositor 
slightly exceeding pygofer. Second pair 
of valvula with 12 widely spaced teeth. 


Measurements: Male 5.10 to 5.40 mm 
long, 1.75 to 1.80 mm wide across eyes. 
Female 5.30 mm long, 1.82 mm wide 
across eyes. 


Material examined: Holotype 4, INDIA: 
Himachal Pradesh: Kufri, Simla, 2600 m, 
15.х.1979, ex Cedrus deodara, С.А. Virakat- 
amath (UAS). Paratypes: | d, ! 9, data 
as for holotype (IARI, NHM). 


Remarks: Both /. cedarae and 1. deo- 
darae were found feeding on Cedrus ceodarus 
often on the same tree. 1. deodarae is only 
distantly related to 1. cedarae and 1. sharmai. 
It differs from both of them in its darker 
colouration and different type of second 
pair of female valvula. 


REFERENCES 


BAKER, C. F. (1924) Nomenclatural notes on Jass- 
oidea (П). Philip. J. Sci., 24, 367. 


Distanr, W. L. (1908) Rhynchota - Homoptera. 
IV. The Fauna of British India including Ceylon 
and Burma (Bingham, C. T. ed.) Taylor and 
Francis. 501 pp. 


Distant, W.L. (1912) Rhynchota notes - liv. 
Ann. Mag. nat. Hist., 10 (8), 602- 609. 


LrrHiERRY, L. F. (1889) Definition of three new 
Homoptera. J. Asiatic Soc. Bengal., 58, 
252-253. 


Lewis, R. H. (1834) Description of some new 
genera of British Homoptera. Trans. R. Ent. 
Soc. Lond, VM, 47-52. 


MELICHAR, 1. (1903) 
Ceylon. 
248 pp. 


Homopteren - Fauna von 
Verlag von Felix C. Dames, Berlin, 


Prutui, Н. S. (1930) Studies on Indian Jassidae 
(Homoptera). Part I. Introductory and des- 


cription of some new genera and species. Mem. 
Indian Mus., 11, 1-68. 


Ркотні, Н. S. (1936) Studies on Indian Jassidae 
(Homoptera). Part ІП. Descriptions of some 
new genera and species, with first records of 
some known species from India. Mem. Indian 
Mus., 11, 10 1-131. 


VIRAKTAMATH, C. A. (1989) Auchenorrhyncha 
(Homoptera) associated with mango, Mangifera 
indica L. Tropical Pest Management, 35, 
431-434. 


Entomon 1994 Vol. 19 No. 1 & 2 pp. 29 to 33 


TWO NEW SPECIES OF FIG WASPS (HYMENOPTERA: 
AGAONIDAE) FROM KERALA, INDIA 


D. R. PRIYADARSANAN & U. C. ABDURAHIMAN 
Department of Zoology, University of Calicut, Kerala, India 673 635 


(Received 7 August 1992) 


Two new Species of agaonid fig wasps, Waterstoniella keralensis, reared from the figs of Ficus talboti 
King and Platyscapa beddomei obtained from F. beddomei King are described. Their affinities are 


discussed. 


(Key words: 


The two new species of fig wasps described 
in this paper, viz., Waterstoniella keralensis 
and Platyscapa beddomei are the agaonid 
pollinators of two species of figs from 
Kerala. The genus Waterstoniella is recor- 
ded from India for the first time. Both 
these Ficus species, viz., F. talboti and 
F. beddomei belong to the section Cono- 
sycea (Corner, 1965). It should be noted 
in this connection that the Ficus spp. of the 
series Validae (which includes F. beddomei) 
of the section Conosycea are generally 
pollinated by species of Dielagaon. Ав an 
exception to this, Wiebes (1977) pointed out 
an instance of a Platyscapa sp. from India 
which pollinates F. arnottiana of the series 
Validae. The present finding of one more 
species of Platyscapa from another Ficus 
of the same series is the second record of 
such an association from India. 


The specimens are deposited jn the coll- 
ections of Department of Zoology, Univer- 
sity of Calicut (ZDC). 


1. Waterstoniella keralensis sp. nov. 
(Figs. 1-13). 


Female: Length 1.1 mm; protruding part 
of ovipositor 0.5 mm long. Colour of 
head, thorax and abdomen dorsally dark 


two new species, Waterstoniella, Platyscapa, Agaonidae, Ficus talboti, F. beddomei) 


brown; legs, other parts of thorax and 
abdomen pale yellowish brown. 


Head: Width across the compound 
eyes larger than its own length (26 : 21); 
longitudinal diameter of compound eye 
almost twice as long as cheek (10:6); ocelli 3; 
epistomal margin (Fig. 1) with a median 
prominence and two lateral concavities, 
and bear setae. Antenna (Fig. 2) eleven 
segmented; scape length width ratio 11:7; 
pedical less than half the length of the 
scape: acuminate appendage of the 3rd 
segment reaching beyond the base of the 
5th; 4th and Sth segments almost equal in 
length; segments 5 to 10 definitely broader 
than the preceding segments; segments 5 
to 11 cup-shaped and bear on their distal 
margin a row of long sensillae which exceed. 
far beyond the apex of the following seg- 
ment. Mandible (Fig. 3) longer than wide 
(8 : 6); apical tooth particularly prominent; 
subapical slight; thee ventral lamellae, 
not distinct; only one mandibular gland; 
mandibular appendage with eleven promi- 
nent teeth - like lamellae. Labio—maxillary 
complex as in Fig. 4; labium reduced. 


Thorax: One and a half times as long as 
its maximum width (12 8); pronotum 
almost five times as long as wide (29 : 6). 
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Figs.1-13  Waterstoniella keralensis sp. nov. 
2. antenna; 3. mandible; 4. 
tibia and tarsus; 7. hindleg tibia and tarsus; 
11. mandible; 12. 


(Scale: 


fore leg tibia ad tarsus; 


Fore wing (2:1) 0.95 mm long; submarginal, 
marginal, stigmal and postmarginal veins 
(Fig. 5) approximately in the ratio 8:5:3:2. 
Hind wing (4 : 1) 0.43 mm long. Fore 
tibia (Fig. 6) with two dorsal teeth and one 
conspicuous ventral tooth; tarsal segments 
approximately in the ratio 3:2:2:2:8. 
Tarsal segments of mid leg in the ratio 
4:4:4:3:5. Hind tibial armature 
(Fig. 7) consists of an axial, long, curved 
tooth and ал anti-axial tricuspid tooth; 
tarsal segments in the ratio 5:4:3:3:3:6. 


1-8, female holotype; 9-13 male.  !. 


labio-maxillary 
8. hypopygium; 9. male; head and thorax; 


Epistomal margin ; 
fore wing venation; 6. fore leg 
10. antenna 


complex; 5. 


hind leg tibia and tarsus. 


Figs. 1-8, 11,12 & 13 x 50; Fig. 10, х 112; Fig. 9, x 25). 


Gaster : Stigmal peritremata of the 8th 
urotergum oval in outline; protruding part 
of the ovipositor slightly longer than the 
abdomen (15 : 13).  Hypopygium as in 
Figure 8. 


Male: Length 0.9 mm. Colour pale 
yellowish brown. Head (Fig. 9) almost 
as long as wide (22 23) Compound 
eyes larger than cheek (5 :4); posterior 
angles of the head rounded; posterior margin 
feebly convex. Antenna (Fig. 10) 5 seg- 
mented; scape less than twice as long as 
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pedicel (5 : 3) and one and a half times its 
own width (4:6); funicle consists of two 
subequal segments; club (16 : 13) almost as 
long as scape, indistinctly divided. Мап- 
dible (Fig. 11) one and two thirds long as 
wide (10 : 6), bidentate with one gland. 


Thorax: Prothorax of uniform width, 
almost three-fourths the maximum width 
of the head. Mesonotum and metanotum 
incompletely separate; posterior part ої 
the thorax slightly wider. Fore tibia 
(Fig. 12) with a prominent axtal tooth; 
tarsus two segmented (2:3). Mid leg tarsal 
segments in the ratio 3:3:3:2:4. Hind 
tibia (Fig. 13) with two apical teeth, one 
slender and long and the other short and 
bi-cuspid; tarsal segments approximately 
іт the ratio 6:23 23; 23:58. 


Gaster: Genitalia simple. 
Type-material: Series 9 4, India, Kerala, 
Calicut, 25.1.1992 (coll. Priyadarsanan 


D.R.) from the sycones of F. talboti King 
(det. C.C. Berg); 9 holotype, 3 9 paratypes 
and 2d paratypes slide mounted, ZDC. 
Slide Nos. AT-1, la, 16, lc ала Al-2a, 2b, 


respectively. 

Remarks: | Waterstoniella keralensis res- 
embles W. sumatrana Wiebes (Wiebes, 
1982). However, the new species differs 


from it with respect to the following chara- 
cters: For the female, the atennal scape has 
a length width ratio of 3 : 2, (while it is 3 : 1 
in W. sumatrana), the funicular segments 
bear long sensory setae that project out 
from the segments (while W. sumatrana 
bear one row of sensillae only). The man- 
dibular appendage bears eleven lamellae 
(while in W. sumatrana only six lamellae 
are present). 


In the case of the male, the antenna is 
five segmented (it is 4 segmented in W. 
sumatrana); the fore leg tarsus has only two 


segments (while in W. sumatrana it is divided 
into 5 segments in the antiaxial aspect). 


2. Platyscapa beddomei sp. nov. 


Female: Length 2.27 mm; protruding part 
of ovipositor 2.46 mm. Colour dorsally 
black; legs, antennal scape, ventral part of 
thorax and. posterior and ventral aspects 
of gaster pale yellow. 


Head: Width across the compound eyes 
slightly larger than the length (11 : 10); 
the longitudinal diameter of eye twice the 
length of cheek (2 : 1); three ocelli; epistomal 
margin with two distinct lateral lobes 
and a weak median prominence. Antenna 
(Fig. 14) eleven segmented, scape twice 
its width, three times as long as pedicel; 
acuminate process of the 3rd segment reac- 
hing apex of the 4th; segments 5 to 8 sub- 
equal; 9th, 10th and llith segments form a 
club which is three times its maximum 
width; segments from 5th onwards with a 
row of long sensillae. Mouth-parts; the 
labium reduced; maxilla (Fig. 15) elongated 
and with minute pubescence; mandible 
(Fig. 16) bidentate; longer than its own 
width (14 : 11); two glands; mandibular 
appendage with 8 lamellae, each bearing 
conspicuous teeth-like projections on their 
ventral side. 


Thorax: The anterior margin of pronotum 
converging forward, posterior margin con- 
cave; the length of pronotum two-thirds 
its width; peritremes of the propodeal 
spiracles elliptical in outline, situated obli- 
quely near the entero-lateral margins of 
the pronotum. Fore wing (Fig. 17) (2:1) 
1.7 mm long; submarginal, marginal, stig- 
mal and postmarginal veins approximately 
in the ratio 14:6:1:4:5; disc pubescent. 
Hind wing (7 : 2) 0.88 mm long. Fore 
leg tibial armature (Fig. 18) consisting 
of a pair of dorso-apical teeth of unequal 
size and a ventral bi-cuspidate tooth; the 
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Figs. 14-25. 
maxillary complex; 16. mandible; 17. 
hind leg tibia and tarsus; 20. hypopygium; 
mandible: 24. fore leg tibia and tarsus; 25. 


(Scale: 


tibia bears a few conspicuous spines close 
to the ventral tooth; tarsal segments in the 
ratio 8 :3:3:3: 9. Ма leg tibia 
almost equal in length to tarsus; it bears 
a long conspicuous spine at its apex; tarsal 
segments in the ratio 10:5:4:4:8. Hind 
leg tibia (Fig. 19) with a elongated bifid 
axial spur and an  antraxial, broad, 
bicuspid tooth; tarsal segments іл the ratio 
2 ok 2a) ub: 


Gaster: One and a half times as long 
as its height; hypopygium (Fig. 20) bears 
two long spines and two rows of setae on 


Platyscapa beddomei sp. nov. 14-20, female holotype; 21-25 male. 14. 
fore wing venation; 18. 
21. male: head and thorax; 22. 
hind leg tibia and tarsus. 


antenna; 15. labio- 
fore leg tibia and tarsus; 19. 
antenna; 23. 


Figs. 14-20 and 22-25, x 50; Fig. 20, x 17). 


their sides: protruding part of ovipositor 
twice the length of abdomen. 


Male: Colour yellowish brown; mandi- 
ble, head and thorax slightly darker. 


Head (Fig. 21): Definitely wider than 
long (8 : 7); posterior margin prominently 
convex in the middle; longitudinal diameter 
of compound eye one third the length of 
cheek; antennal groove reaches only about 
one-fourth the length of head. Antenna 
(Fig. 22): scape four times as long as pedi- 
cel; 3rd, 4th and 5th segments are annular 
and subequal; the length of pedicel, 3 
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annular segments taken together and the club 
in the ratio 2 : 3 : 5; club divided into two 
segments; its width distinctly less than that 
of scape. Mandible (Fig. 23) distinctly 
longer than wide (12 10), bi-dentate; 
maxillo-labial complex reduced. 


Thorax: Length over twice its width (85:40) 
lateral margins slightly concave; mesonotum 
ала metanotum fused, one and a half times 
as wide as its maximum length; propodeum 
two-thirds its width (25 : 38); peritremes 
of the propodeal spiracles large and oval 
shaped. Fore leg tibia (Fig. 24) over 
twice as long as wide and half the length of 
femur, with three prominent dorsal teeth 
and one promunent ventral tooth: tarsal 
segments approximately in the ratio 4:1:1: 
1: 3. Mid leg tarsal segments in the ratio 
1:1:1:1:2. Hind leg tibia (Fig. 25) two and 
a half times ав long as wide; the antiaxial 
crest consists of 3 stout teeth; the axial tooth 
large and widely bifurcated at the apex; 
tarsal segments approximately in the ratio 
о 1235222106. 


Gaster: One and a half times as long as its 
height. 


Type material: Series 2 4, India, Kerala, 
Wynad, Vythri, 28.xi.1990 (coll. D. R. 
Priyadarsanan) reared from the sycones of 
Ficus beddomei King; (det. C. C Berg)o 
holotype, 2 9 paratypes ала 2 2 paratypes 
slide mounted, ZDC. Slide Nos. АН-І, 
la, 16. and ATI- 2a, 2b respectively. 


Remarks: This species is closely related 
to Platyscapa | arnottiana Abdurahiman 
(Wiebes & Abdurahiman, 1980), but differs 
in certain features. The female can be 
distinguished by the difference in the ante- 
nna; the flagellar segments are of uniform 
width in P. beddomei while іп P. arnottiana 


it broadens gradually from 4th segment 
onwards; scape is broader in P. arnottiana 
and has a length width ratio of 1.5 : I, 
while this ratio is 2 : 1 in P. beddomei. 
Compound eyes have longer diameter in 
comparison to the cheek in P. beddomei 
(2 : 1) than in P. arnottiana (4 : 3). Male 
can be distinguished Бу a smaller head, 
compared to pronotum in P. beddomei 
than in P. arnottiana. Length width ratio 
of mandible in P. beddomei is 1.2 : | while 
in P. arnottiana it is 1.75 : |. Antenna 
groove reaching only one-fourth the length 
of head in P. beddomei while it reaches one 
third the length of head in P. arnottiana. 
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TAXONOMIC STUDIES ON APHELINUS (HYMENOPTERA: 
APHELINIDAE). VI. RECORDS OF TWO KNOWN AND 
DESCRIPTIONS OF TWO NEW SPECIES 
FROM THE ORIENTAL REGION 


MOHAMMAD HAYAT 
Department of Zoology, Aligarh Muslim University, Aligarh, India 202 002 


(Received | July 1992) 


Aphelinus chaonia Walker from Pakistan and A. maidis Timberlake from Myanmar, are recorded. 
Two new species of the genus are described, one based on specimens collected in Sri Lanka and India, 


and the second from Hong Kong. 


(Key words: 


The present paper is the sixth in a planned 
series on the taxonomy of the genus Aphe- 
linus Dalman. In some of these papers 
(Hayat, 1990, 1991 a, b) the author proposed 
a new subgenues, /ndaphelinus Hayat, com- 
mented upon the systematic position of 
Mesidiopsis Nowicki (Hayat, 1990), dealt 
with the Nepalese species (Hayat, 1991b), 
and provided notes on the types of A. japo- 
nicus Ashmead (Hayat, 1991а). In this 
contribution, two new species are described, 
one each from Hong Kong, and Sri Lanka 
and India. Also two known species, 4. 
chaonia Walker and A. maidis Timberlake, 
are recorded based on material collected in 
Pakistan and Myanmar respectively. Тһе 
material included in this study was received 
from the С.А.В. International Institute 
of Entomology, London, and returned for 
deposition in the collections of the Natural 
History Museum, London. 


The slide mounted specimens carry num- 
bers which begin with the alphabets ‘Ap.’. 


1. Aphelinus chaonia Walker (Figs. 12, 13) 


Kohat, 
1963, 


Material examined: — PAKISTAN: 
4 females (Ap. 63, Ap. 99), 13. н. 


Aphelinidae, Aphelinus, four Oriental species) 


CIE 19027 CIBC 2842. Determined as 
Aphelinus chaonia Walker by R.D. Eady 
1964. 


The following specimens are assigned 
to this species with some hesitation as these 
have lesser number of setae proximad of 
the linea calva of fore wing, these forming 
one complete and one incomplete lines; 
and in the male two setae are present in the 
basal cell. 


Rawalpindi, 1 female 
(Ар.58). 7.iv.1986, CIE.A. 17886/5125, 
ex Aphis gossypii, CIBC. Peshawar, 1| 
male (Ap. 57), 19.1.1962, ex aphid on 
rose, 1884, CIE, Coll No. 18414. 


PAKISTAN : 


Distribution: Oriental : Pakistan, Hong 
Kong (Palaearctic, Nearctic, Neotropical). 


2. Aphelinus maidis Timberlake 


Material examined: BURMA (= MYANMAR) 
Maymyo, Mandalay Div., 2 females 
(Ap. 128), 28.iv.1989, ex Cryptosiphum 
artemisiae Buckton (G.W. Watson det.) on 
Artemisia, G. Pierrard: sp. 89/049. 
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Figs. 1-5. 


Aphelinus hongkongensis, sp. nov., holotype female: 1. 


antenna, clava broken off distally; 


2, part of fore wing with distal veins enlarged; 3, head frontal; 4, second valvifer and third valvula; 5, middle 


tibia and tarsus, drawn on same scale as Fig. 4. 


Distribution: Oriental: Myanmar 
Наман Islands). 


(Pacific: 


3. Aphelinus hongkongensis, sp. 
(Figs. 1-5). 


nov. 


Female:— Length, 1.13 mm. Head and 
thorax dark brown to nearly black; gaster 
pale honey yellow with TII onwards with 
pale brown yellow bands; exserted part of 
ovipositor sheaths yellow. Scape pale 
yellow, pedicel and flagellum honey yellow. 
Wings hyaline, fore wing with a slight yellow 
tinge on disc below venation. Legs, inclu- 
ding fore and middle coxae, pale yellow; 
hind coxae, except pale apices, dark brown; 
hind tibiae distally suffused with brown; 
hind basitarsus brownish; apical fifth or 
so of dorsal surface of middle femur and 


middle tibia appear suffused with brown, 
but this effect produced by dark setae. 


Frontovertex width at front ocellus about 
0.4 of head width (Fig.3); ocellar triangle 
with apical angle obtuse, lateral ocelli 
not more than half their diameter from 
both eye and occipital margins; eyes den- 
sely setose, but setae sort. Antenna as in 
Fig. 1. Thorax normal for the genus; mid 
lobe finely reticulate with the cells mostly 
slightly transversely drawn out; scutellum 
with hexagonal cells, those on sides longi- 
tudinally drawn out. Fore wing about 
2.25 x as long as broad (68:30); costal cell 
with a line of setae on dorsal surface and 
about two lines of setae on ventral surface; 
linea calva partly closed posteriorly and 
proximally with one complete line of setae 
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(Ғір.2). Hind wing 3.5х as long as broad 
(52:15) with the venation nearly 0.66 x of 
wing length. | Gaster elongate, conical, 
longer than thorax (before mounting on 
slide, 22:18; after mounting оп slide, 
27:16), with ovipositor sheaths distinctly, 
though shortly, exserted. Second valvifer 
plus third valvula about 1.5x as long as 
middle tibia (37:24); third valvula less than 
half the length of second valvifer (10.5:26.5) 
(Figs. 4, 5). 


Holotype female (Ap. 124): HONG 
Комс: Botan. Gdns (= Botanical Gard- 
ens), 18. v. 1988, ex aphid on Magnolia coco, 
CIE, A 20155. F.D. Bennett sp. 88-194, 


1 2 h 13 
Figs. 6-13. (6-11), Aphelinus lankaensis, sp. nov., holotype female and paratype male: 6, antenna, male; 7, 
part of fore wing, female; 8, antenna, female: 9, middle tibia and part of tarsus, female: 10, second valvifer 


and third valvula as seen through the derm, drawn on same scale as Fig. 9; 11, thorax and part of gaster, 
female. (12, 13), A. chanoia Walker, female part of fore wing and antenna. 


Two further specimens on cards with the 
same data as holotype probably belong to 
this species, but are not designated as types. 
One of these, probably a female, has the 
gaster broken off beyond distal half or so, 
and the antennae beyond scape missing. 
The second specimen, a male, is without 
antennae. [|t is about 0.8 mm in length 
and agrees with the holotype except that 
the gaster is dark brown with yellow base. 


Comments: Aphelinus hongkongensis, sp. 
nov. is apparently very close to A. flavi- 
ventris Kurdjumov (see Graham, 1976; a 
redescription based on Ukrainian speci- 
mens, Chervonenko, 1990). It differs from 
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flaviventris in having a single line of setae 
proximad of the linea calva of fore wing; 
and third valvula about 0.4x of second 
valvifer. In flaviventris, linea calva proxi- 
mad with one complete and 1-2 incomplete 
lines of setae, and third valvula about 
0.33 х of second valvifer. 


4. Aphelinus lankaensis, sp. nov. (Figs. 
6-11) 

Female: Length, 0.85 mm. Body dark 
brown to nearly black, base of gaster 


(2 TI and ТП) pale yellow. Antennae pale 
yellow. Wings hyaline. Legs pale yellow 
to white, with middle and hind coxae dark 
brown; distal end of middle femur, middle 
and hind tibiae, and hind tarsi infuscate 
brown. 


Frontovertex about 0.4 of head width; 
ocellar triangle with apical angle obtuse, 
lateral ocelli separated from eye margins 
by less than their own diameter; eyes den- 
sely setose, but setae short; otherwise, 
sculpture and setation normal for the genus. 
Antenna as in Fig. 8. Thorax normal for 
the genus (Fig. 11). Fore wing venation 
and setation as in Fig. 7; in right wing 37 
setae proximad of linea calva. Gaster 
only slightly longer than thorax; ovipositor 
short, subequal in length to middle tibia 
(17.0:17.5); third valvula less than 0.5 of 
second valvifer (5:12) (Figs. 9, 10). 


Male: Length, 0.76 mm. Antenna as in 
Fig. 6. 


Holotype female (Ap.65), 1 male para- 
(уре: SRI LANKA: Maha [lluppallama, 
15.x.1962, ex aphids, CIE 18807 No. 5. 


The following specimen is conspecific 
with /ankaensis, but is not designated as 
type: ІмшмА: Karnataka, Bangalore, | 


female (Ар. 81) 27.хі!.1988, Coll. M. 
Hayat. 
Comments: The specimen from Banga- 


lore (India) is relatively larger (thorax 
plus gaster length, 0.88 mm, compared to 
0.73 mm of holotype) and has greater 
number of setae (40-45) proximad of the 
linea calva; and measured on the same 
scale as the holotype, the ovipositor, third 
valvula and middle tibia ratio is 19.0: 
7.0:20.0. 


A. lankaensis sp. nov. is extremely close 
to А. desantisi Hayat (1972), but differs 
mainly by the shorter ovipositor which 
is not longer than the middle tibia; also 
the gaster except base is dark brown. Іп 
desantisi, ovipositor always | distinctly 
longer than middle tibia (20—25: 16.5-22.0 
п-20), and gaster except base, largely 
brownish, not as dark as in /ankaensis. 
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SOME ASPECTS OF METABOLISM OF LIPIDS IN THE MALE 
ACCESSORY REPRODUCTIVE GLAND, FAT BODY AND 
HAEMOLYMPH IN ODONTOPUS VARICORNIS 
(DIST.) (HEMIPTERA) 


L.S. RANGANATHAN & P. PADMANABHAN 
Department of Zoology, Annamalai University, Annamalainagar, India 608 002 


(Received 27 July 1992) 


The increase and maintenance of higher triacylglycerol content in the accessory reproductive pland of 
Odonotopus varicornis during mating and its reduction, both before and after mating, seems to suggest 


energy contribution by the triacylglycerol to the prolonged mating of this insect. 


Some triacylglycerol 


is mobilized from the fat body and/or haemolymph into the pland. Free cholesterol content of the 
gland also increases considerably during mating without concomitant changes in the fat body and 


haemolymph. 


(Key words: 


INTRODUCTION 


To date little is known about the lipid 
metabolism in relation to reproduction in 
male insects. Lipid reserves are used as 
energy sources in different processes such as 
flight, egg development etc. (SackTor, 1975; 
Downer, 1985).  Triacylglycerol (TAG) 
forms the major part of the lipid content of 
insects during all the developmetal stages 
(CHINO & GILBERT, 1965. TAG was 
shown to be an important metabolic reserve 
in insects (GILBERT, 1967; SACKTOR. 1970, 
1976; BEENAKKERS et al., 1981: DOWNER, 
1978. 1985) and it was found in the fat 
body, ovaries and heamolymph (Downer, 
1985). TAG is also the main source of 
metabolic energy in insects which undergo 
prolonged periods of metabolic activity 
without feeding during diapause, migratory 
flight and non-feeding developmental stages 
of embryogenesis and pupation (DOWNER, 
1985). The advantages of storing TAG as 
metabolic reserve are: 1) high caloric content/ 
unit weight, ii) the liberation of metabolic 


Odontopus varicornis, triacylglycerol, cholesterol, accessory gland) 


water, in higher quantity as compared to 
carbo-hydrate and iii) its capacity for 
storage in anhydrous form. Though some 
studies indicate that sterols are important 
for growth, development, reproduction, 
maintenance of the integrity of cell mem- 
branes, imaginal moult, as a precursor for 
ecdysteroid synthesis and other unknown 
physiological functions, there are practically 
no studies dealing with sterols in male insects 
in relation to their role іл reproduction 
(SvoBoDA & THOMPSON, 1985). Hence it 
was thought worthwhile to study TAG, free 
cholesterol, ester cholesterol and total 
cholesterol in the accessory reproductive 
glands (ARG), fat body and haemolymph 
in males of Odontopus varicornis which 
remain in copula for most of the time during 
their adulthood. 


MATERIAL AND METHODS 


Odontopus varicornis collected from 
orchards, fields and gardens of the Univer- 
sity campus, Annamalainagar, India, were 
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reared in cages (50x 50x50 cm) under 
laboratory condiiton at 28 + 2°C and 70% 
ЕН. The bugs were fed daily with germi- 
nated cotton seeds. The insects remain in 
copula almost throughout its adult life except 
for brief intervals after each of the two 
ovipositions and during the first five days 
after imaginal moult and towards the 
approach of senescence. Six days old adult 
males represent before mating stage, males 
separated from copulating pair represents 
during mating stage and males leaving 
after prolonged copulation represent after 
mating stage. Each estimation is repeated 
three times and for each estimation fifteen 
animlas were sacrificed. 


Estimation of triacylglycerol: 


Foster & DwuNN’s (1973) colorimetric 
method is employed for the quantitative 
estimation of triacylglycerols. A known 
amount of ARG tissue was taken and 
homogenised in 4 ml of isopropanol. 0.01 ml 
of haemolymph was taken out to which 4 ml 
of isopropanol was added. 400 mg of 
washed alumina (or) zeolite was added 
and placed in a mechanical rotator for 15 
minutes and centrifuged at 2000 rpm for 
5 minutes. 2 ml of supernatant was added 
to 0.6 ml of sapomfying agent (50 g potas- 
sium hydroxide was dissolved in 600 ml 
water and to it 40 ml of isopropanol was 
added) and incubated at 60° to 70° C for 
15 minutes. Then the contents were cooled 
and to it 1 ml of metaperiodate solution 
(Metaperiodate solution was prepared by 
dissolving 77 g of anhydrous ammonium 
acetate in about 700 ml of distilled water to 
which 60 ml of glacial acetic acid and 650 mg 
NalO, were added and when dissolved 
made up toa litre with distilled water) and 
0.5 ml acetyl acetone reagents are added. 
The contents were incubated once again at 
50°C for 30 minutes, cooled and the colour 


is read in a colorimeter at 405 nm against 
the reagent blank. 


Estimation of free and ester cholesterol 
using digitonin precipitation: 


Free and ester cholesterol content in the 
tissues were estimated by the method of 
VENUGOPALA-RAO & RAMAKRISHNAN (1973). 
Tissues to be estimated were removed 
fresh from animals and homogenised in a 
mixture of ethanol and ether (3:1). The 
mixture has been heated gently in a boiling 
water bath in a stoppered test tube for about 
5 hours. The sample was then centrifuged 
at 5000 rpm, the supernatant was collected 
and evaporated. The free cholesterol was 
precipitated by adding 0.5% digitonin. 
The ester cholesterol was separated by 
adding 10 ml petroleum ether (40-60°С). 
The supernatant was removed from the 
test tube to estimate the ester cholesterol. 
Both the free and ester cholestercl samples 
were kept in a waterbath for evaporation 
and the cholesterol was determined colori- 
meterically by the Liebermann-Burchard 
reagent at 610 nm  (Liebermann-Burchard 
reagent is prepared just before use by mixing 
40 ml of acetic anhydride with 20 ml of 
acetic acid to which 5 ml of concentrated 
H5 SO, is added.). 


OBSERVATIONS 


The ARG shows a significant amount of 
triglycerides content before mating and tends 
to increase considerably during mating. 
It returns again to the pre-mating level, 
three hours after mating (Table 1). Quite 
interestingly, the fat body contains just 
half the quantity of TAG as compared to 
that of the accessory gland and the trend of 
increase and decrease during and after 
mating is similar to that of the gland. Тһе 
haemolymph exhibits initially a low content 
of TAG but increase significantly during mat- 
ing and to a still higher level after mating. 
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TABLE 1. Triacyglycerol, free and ester cholesterol in the accessory reproductive gland, fat body and 
haemolymph in Odontopus varicornis before, during and after mating. 
Stage Typc of lipid Accessory Fat body Haemolymph 
gland 
(mg/g) (тр. с) (mg/ml) 
Triacylglycerol 133 .6+13.2 64.4T3.2 4.3] £0.35 
Before Free cholesterol 2000.3 82:0:Е3.7 0. 56+0.003 
mating Ester cholesterol 168.0+ 14.6 
(п = 3) - =a — E E 
Total cholesterol 2.0+0.3 220.0+16.5 0.56+0.003 
Triacylglycerol 193.0--7.5% 118.5472" 10.64+0.87 
During Free cholesterol 48.0-Е3.8 56.5+5.1 0.24+0.002 
mating Ester cholesterol 4.0+0.5 2.04+0.4 
(n=3) == -= 
Total cholesterol 52.0+3.4" 58.0+6.2' 0. 24+0.003 
Triacylglycerol 134.4 13.9 47.7+4.0* 14.715 1.7% 
After Free cholesterol 5.5+0.8 51.7+4.3 0.51+0.05 
mating Ester cholesterol - 64.04.4 - 
(n=3) —— " Deau сете 
Total cholesterol 5.5+0.8 1S: 75.5 0.51+0.05 
Mean + SE * P« 0.05: *P<0.01; ЫР<0.001 


The fat body shows the presence of a 
moderate quantity of free cholesterol, 
whereas the ARG and haemolymph show 
only a small quantity of free cholesterol 
before mating. During mating, while the 
free cholesterol remains more or less the 
same in the fat body, it decreases by more 
than 50% in the haemolymph and increases 
drastically in the gland (from 2.0 mg/g 
to 48.0 mg/g). While the free cholesterol 
level, after mating, returns to its premating 
level in the fat body and haemolymph, it 
remains slightly higher than the premating 
level in the ARG. Ester cholesterol is 
absent both in the gland as well as in the 
haemolymph, before and after mating. and 
after mating, although a small quantity of 
it appeared in the gland but not in the 
haemolymph during mating. Тһе ester 


cholesterol content in the fat body was high 
before mating (168.0 mg/g) but declined 
drastically (2.0 mg/g) during mating to 
increase again moderately after mating. 


DISCUSSION 


Previous studies on Odontopus varicornis 
have shown that this contimuously mating 
bug might require constant supply of energy 
to sustain this odd and characteristic beha- 
viour of this bug (JAYAKUMAR, 1989; BASKER 
& RANGANATHAN, 1987). Since prolonged 
and continuous mating might not be satis- 
fied with energy supplied from сагһоһу- 
drates in Odontopus varicornis the observed 
increase in TAG content of the gland during 
mating, might support the higher energy 
requirements as in the case of sustained 
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fliers like the locusts which utilize TAG 
during prolonged flights (DOWNER, 1985). 


Fat body and haemolymph are known to 
contribute the precursor materials that 
are used up in the elaboration of the secre- 
tion by the male accessory gland in some 
insects (FRIEDEL & GILLOTT, 1976; BASKER 
& RANGANATHAN, 1987). The increase of 
the TAG content both in the fat body and 
haemolymph during mating with a con- 
comitant increse in the gland and again its 
reduction, after mating, in the fat body 
suggests the transfer of TAG from the fat 
body and/or haemolymph to the gland in 
Odontopus. 


Sterols are important for growth, deve- 
lopment and reproduction in insects and 
are essential for the integrity of the cell 
membrane and ecdysteroids can be synthe- 
sised from cholesterol. The enormous 
increase іп the free cholesterol level in the 
ARG of Odontopus during mating, without 
being accompanied by any changes in 
cholesterol level of either fat body or hae- 
molymph such as metabolic fuel or as 
precursor of triacylglycerol synthesis as 
suggested by BEENAKKERS (1985, cited by 
CHINO, 1985). As a well known important 
factor for the integrity of the cell membrane, 
cholesterol of the gland is probably invol- 
ved in the repair or renovation of the conti- 
nuously functioning secretory cells of the 
gland in this bug which remains in copula 
almost throughout its adult life since free 
sterols are used as structural components 
of cells and tissues during periods of rapid 
growth and development when exogenous 
sources of sterol is insufficient ог unavaila- 
Ме (SVOBODA & THOMPSON, 1985). 


ACKNOWLENGEMENTS 


The authors are grateful to the authorities 
of the University for facility and Prof. S. 
Ramakrishna, former Professor and Head, 


RMMC & 
help and 


Biochemistry, Department, 
H, Annamalai University for 
suggestions. 


REFERENCES 


BASKER, P. & L.S. RANGA: ATHAN (1987) Electro- 
phoretic study of protein in the male accessory 
reproductive glands of Serinetha augur before 
and after mating and their secretions. Ann. 
ent., 29, 233-235. 


BFENAKKERS, А.М.Тн., D.J. Van Der Horst & W.J. 
Улм MaRnREWLK (1981) Role of lipids on 
energy metabolism, 53-100, іп: Energy Meta- 
holism In Insects (Ed. R. С. W. Downer), 
Plenum Press, New York. 


CuiNO, Н. (1985) Lipid transport: Biochemistry of 
haemolymph lipophorin, 115-135, іп: Compre- 
hensive Insect Physiology. Biochemistry and 
Pharmacology, Vol. 4. (Ed. С. A. KERKUT & 
L. I. GILBERT), Pergamon Press, Oxford. 


Снгмо, Н. & 1.1. GILBERT (1965) Lipid release and 
transport in insects. Biochem. Biophys. Acta, 
98, 94-110. 


Downer, В. С. H. (1978) Functional role of 
lipids in insects, 57-92, ін: Biochemistry of 
Insects (Ed. М. RockKsrEIN), Academic Press, 
New York. 


Downer, R.G.H. (1985) Lipid metabolism, 
77-113, іп: Comprehersive Insect Physiology, 
Biochemistry and Pharmacology, Vol. 3. (G. A. 
Kerkut & L. 1. GILBERT), Pergmon Press, 
Oxford. 


Foster, L. В. & R. T. DUNN (1973) Stable reagents 
for determination of serum triglycerides by a 
colorimetric Hantzsch condensation method. 
Clin. Chem., 19, 338-340. 


FRIEDEL, Т. & C. Силотт (1976) Extraglandular 
synthesis of accessory reproductive gland com- 
ponents in male Ме/апоріиѕ sanguinipes. J. 
Insect’ Physiol., 22, 1309-1314. 


GILBERT, L. I. (1967) Lipid metabolism апа 
function in insects, 61-211, іп: Advances іп 
Insect Physiology, Vol. 4 (Ed. J. W.L. BEAMENT 
J. E. TREHERNE & V. B. WIGGLESWORTH), 
Academic Press, New York. 


JAYAKUMAR, C. (1989) Effects of dimethoate in 
the accessory reproductive gland, testis, fat- 
body, haemolymph, neurosecretory cells and 


LIPIDS IN ODONTOPUS 45 


corpus allatum in Odontopus varicornis. Ph.D. 
Thesis, Annamlai University. 


ЅАСКТОК, B. (1970) Regulation of intermediary 
metabolism with special reference to the control 
mechanisms to insect flight muscle. Adr. 
Insect Physiol., 7, 267-348. 


*SACKTOR, В. 
111-131. 


(1976) Biochem. Soc. Symp., 41, 


* Original not referred. 


SVOBODA, J.A. & M. J. THOMPSON (1985) Steroids 
137-175, in: Comprehensive Insect Physiology, 
Biochemistry апа Pharmacology, Vol. 5 (Ed. 
С. А. KERKUT & L. l. GILBERT), Pergamon 
Press, Oxford. 


VrNUGOPAL-RAO, А. & S. RAMAKRISHNAN (1973) 
Effect of the cholesterol digitonide in stand- 
ards on the results of estimation of cholesterol 
in blood and tissue by the Schoenheimer- 
Sperry method. Clin. Chem., 21, 1523. 


Entomon 1994 Vol. 19 No. | & 2 pp. 47 to 51 


PRESENCE OF FEMALE SEX PHEROMONE IN TEA MOSQUITO 
BUG, HELOPELTIS ANTONII SIGN. (HETEROPTERA: MIRIDAE)! 


D. SUNDARARAJU, М. BAKTHAVATSALAM^ Joy М. Jonn, P.S.P.V. VIDYASAGAR? 
National Research Centre for Cashew, Puttur, D. K., Karnataka, India 574 202 


(Received 2 February 1992) 


Attraction due to sex pheromone was studied in males and females of tea mosquito bug by using an 


olfactometer deviced in our laboratory. 
becoming 3 day old. 


it was observed that females started attracting males after 
Although young females attracted more males, even old females attracted males. 


These studies indicate the existence of female sex pheromone in tea mosquito bug. 


(Key words: 


INTRODUCTION 


The tea mosquito bug. Helopeltis antonii 
is a serious pest of cashew causing substan- 
tial losses due to blossom blight and shoot 
damage. Even at low population levels, 
his pest causes severe damage and an esti- 
mated yield loss of 30-40% has been re- 
ported (DEVASAHAYAM & NAIR, 1986). 


Sex pheromones are one of the recent 
tools employed in insect pest management. 
Earlier reports have indicated the presence 
of a sex attractant pheromone in female of 
Helopeltis clavifer (SMITH, 1977), congeneric 
species of H. antonii. However, very little 
information is available on the existence of 


Helopeltis antonii, sex pheromone) 


sex pheromone in the tea mosquito bug. The 
present study was therefore undertaken to 
find out the presence of sex pheromone 
in tea mosquito bug and influence of age, if 
any, on the pheromone release so as to 
use the knowledge in the integrated pest 
management of this economically important 
pest. 


MATERIALS AND METHODS 


Sex attraction studies were conducted 
with an olfactometer constructed in our 
laboratory. The  olfactometer (Fig. 1) 
consists of two cubic chambers (30x 30x 
30 cm) made up of transparent acrylic 
sheet (3 mm in thickness): one chamber is 


Fic. 1. 


! Contribution No. 13 of National Research Centre for Cashew, Puttur, Karnataka 
Biological Control Centre, NCIPM, Bangalore 24. 


Present address: 2. 
3. CPCRI, Kasaragod, Kerala. 


Line diagram of fully assembled olfactometer. 


574 202. 
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designated as bait- and other as test chamber. 
Each chamber has а removable lid at the 
top and two protruding circular holes (7.5 
cm in diameter) on opposite sides, which 
in turn are connected by а transparent 
tube (100 cm length and 7.5 cm diameter) 
made up of polyester film (175 # m thickness). 
The holes at the free end were covered with 
the acrylic sheet lid with sieve holes to 
allow wind movement. The mouth of the 
tube at the bait chamber end is covered with 
muslin cloth to confine the insects to the 
bait chamber. А single succulent cut cashew 
shoot dipped in a small glass vial (5 ml) 
filled with water served as a food source 
in each of the test and bait chambers. 


A mini-table fan (20 cm diameter) with 
electronic regulator was stationed in front 
of the sieve hole of the bait chamber so 
that an air current passed from the bait 
chamber to the test chamber. Тһе wind 
velocity was adjusted to Im/sec. at the time 
of bioassay. 


Every time, the components of olfacto 
meter were wiped in moist cotton wool 
dipped in 80% alcohol, followed by wash- 
ing in detergent soap water and in clean 
water and followed by rinsing with distilled 
water and sun drying before starting the 
experiment. The insects were allowed to 
acclimatize for one hour in the respective 
chambers before the bioassay. The bio- 
assays were undertaken mostly in the after- 
noon hours. 


The adults after final moulting (designa- 
ted as ʻO’ day) were collected from the labo- 
ratory culture, maintained by standard 
method (SUNDARARAJU & Joun, 1992) and 
were sexed and kept in isolation till their 
use in the experiments. 


A preliminary experiment was conducted 
to assess the presence of sex pheromone 
in which several batches of virgin females 


and unmated males comprising 15 indivi- 
duals each of 1,2, 3 and 4 day old were used. 
The behavioural response of females and 
males of known age was assessed by keeping 
them separately in test and bait chambers. 
The experiment was repeated with opposite 
sexes in test and bait chamber and the 
number of insects reaching the bait chamber 
was counted in a test period of one hour. 


As indication of the presence of sex 
pheromone was obtained in the preliminary 
experiment with 3 and 4 days old adults 
only the experiment was repeated six times 
with only this age group. A set of blank 
experiment was run but keeping only food 
source in the bait chamber. 


In order to ascertain the duration of sex 
attraction during the life span of an adult, 
fifteen 4 day old females were kept in bait 
chamber at the start of the experiment with 
equal number of similar age group males 
in the test chamber. While the same set 
of females were kept in bait chamber throug- 
hout the experimental period i.e. till the 
death of last female, the males іл the test 
chamber were replaced every day. Sepa- 
rate experiments were conducted with 
laboratory cultured virgin females and 
mated females. The four day old mated 
females were collected from visually con- 
firmed mated pairs. 


Raw data were transformed to 40.5 + X 
and analysed in completely randomised 
design (Gomez & Gomez, 1984) The 
means were compared with the least signi- 
ficant test (LSD) values. 


RESULTS AND DISCUSSION 


The females of H. antonii attracted the 
males, as this happened only when an air 
current was generated through the olfacto- 
meter (Table 1), it was evident that the air 
current carried some volatiles released by 
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female that resulted in attraction of males, 
in effect, the possibility of presence of a 
sex pheromone. The behavioural respon- 
ses of males that supplemented attraction 
were antennal movement, rapid walking 
or running, chasing and mounting on other 
males and upwind flying. These behavi- 
oural responses were not noticed in either 


females in the test chamber or males main- 
tained in test chamber with only food 
source in the bait chamber. The present 
Observations differ from the preliminary 
ones reported earlier (ANONYMOUS, 1988) 
which indicated the attraction of females 
by males in H. antonii. The present results 
are in conformity with earlier studies on 


TABLE l|. Sex attraction in three to four day old adults of H. antonii. 
Age of virgin Sex of adults No. of adults of opposite sex 
adults (in days) in bait chamber reaching bait chamber in test peridd 

3* male 0.17 (0. 80)a** 
3 male 0.83 (1.12)а 
4% male 0.67 (0.99)a 
4 male 0.50 (0.90)a 
j* female 1.50 (1.28)a 
3 female 5.67 (2.4105 
4% female 1.17 (1.22)a 
4 female 5.83 (2.37)b 
3&4 blank 1.674 (1 .37)a 
3&4 female 7.00 (2.69)b 
2* male 1.0” 

2 male 0.0” 

ПЫ male 0.0” 

і male 0.0” 

at Female 2.07 

2 Female 3.0" 

p* Female 0.0" 

1 Female 0.0” 


* No fan was operated. 


** Figures in parentheses are transformed values. 


Mean of six replications pertaining to three and four day old adult groups only. 


Means within a column followed by the same alphabet are not significantly different at 5% (LSD). 


+ Only males were maintained at test chamber. 


“Based on preliminary experiment. 
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NO OF ADULTS 


12 13 14 15 Ww 17 


9 9» 20 271 


%--ө SURVIVING МАТЕО 00 
о-о SURVIVING VIRGIN 99 


ш ATTRACTION ОҒ 88 томано5 MATED 9e? 
Cl ATTRACTION OF 84 TOWARDS VIRGIN 9 Ф 


22 2 24 25 26027 28 в WwW 


AGE OF FEMALES ( 045) 


Fic. 2. 


Attraction of males by females (virgin'mated) of different ages. 


* No data due to power failure i.e., on 9th day from virgin 29 and 18 & I9th day from mated 99 group. 


Mean attraction : 


Towards virgin 


SE. 


Towards mated 99 = 6:1 (2:5) 
99 = 4.6 (2.1) 
= (0.22) 


Figures in bracket are transformed values and statistically non-significant. 


eight other species of mirids (SCALES, 1968; 
STRONG et al., 1970; Кімс, 1973; SMITH, 
1977; BOVIN & STEWART, 1982; SLAYMAKER 
& TUGWELL, 1984; | GRaHAM, 1987; 
THRISTLEWOOD ef al., 1989). 


Females started attracting males when 
3 day old. This period coincides with 1) 
the end of pre ovipositional period and 2) 
the first appearance of mature eggs, especi- 
ally in the mirids (STRONG et al., 1970; 
KiNG, 1973; SMITH, 1977). Females of all 
ages showed some degree of attraction to 
males (Fig. 2). Even after mating, females 
could attract male (Fig. 2) and this obser- 
vation corresponded with the multiple 


mating habit of Н. antonii (JEEVARATNAM & 
RAJAPAKSE, 1981). In two other species of 
mirids however, the sex attraction either 
wanes after single mating as in Distantiella 
theobroma (KiNG, 1973) or resume one week 
after the first mating as in Lygus hesperus 
(STRONG et а!., 1970). Although no data 
is presented here, it was found in general 
that H. antonii females continued to attract 
the males throughout the day as in other 
mirids, L. hesperus (STRONG et al., 1970) and 
Н. clavifer (Ѕмітн, 1977), Тһе mating 
couples generally observed at any time of 
the -day both in the laboratory and in the 


field (DEVASAHAYAM, 1988) strengthen this 
view. 
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STRONG ef al. (1970) suspected that in 
mirids reproductive organs particularly 
spermatheca secretes sex pheromones. 
However, studies on Canipylomma verbasci 
(Meyer), a mirid indicate that head and 
thorax secrete the sex pheromone in this 
species (THRISTLEWOOD ef а/., 1989). Studies 
on the morphology of pheromone glands 
and their function along with the identi- 
fication and synthesis of active components 
of pheromones are necessary in H. antonii 
for further exploitation of this technique 
in integrated pest management programme. 
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SEASONAL ABUNDANCE AND VERTICAL DISTRIBUTION OF 
PURPLE MITE, CALACARUS CARINATUS (GREEN) 
(ERIOPHYIDAE: ACARINA) INFESTING TEA 


М. MURALEEDHARAN, M. SURENDRA МОНАМІ,! B. RADHAKRISHNAN & К.С. UpayaABHANu! 
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(Received 29 July 1992) 


The purple mite, Са/асағиз carinatus (Green) is an important pest of tea, Camellia sinensis (L.) 


O. Kuntze. 
high during January to April. 


In Munnar, Kerala, at 1500 m elevation, population density of this mite on tea leaves was 
Heavy rainfall, high temperature and high percentage of relative 


humidity significantly reduced the number of mites. Оп tea bushes, they preferred the leaves at the 
bottom level; leaves at the top and middle level harboured significantly low population of mites, The 
density of C. carinatus was higher on bushes іп the third and fourth years from pruning than on bushes 


in the first half of the pruning cycle. 


(Key. words: 
Camellia sinensis, Kerala) 


INTRODUCTION 


In south India, tea (Camellia sinensis (L.) O. 
Kuntze) is cultivated in Karnataka, Kerala 
and Tamil Nadu covering an approximate 
area of 83,000 ha. This plantation crop is 
attacked by six species of mites in this part 
of the country (MURALEEDHARAN, 1991). 
Among them, the purple mite Calacarus cari- 
natus (Green), and the pink mite Acaphylla 
theae (Watt), are the most common pests. 
Infestation by purple mites results in coppery 
brown leaves and debilitation of bushes, 
leading to crop loss. However, we have 
no information on the ecology of C. cari- 
natus under the agroclimatic conditions 
of Kerala. 1n view of this, an experiment 
was carried out to study the seasonal 
abundance and within-plant distribution 
of C. carinatus in a tea field at Munnar 
іп Kerala. 


1. UPASI Tea Advisory Service, Munnar, Idukki, 
Kerala, India. 


purple mite, Calacarus carinatus, seasonal abundance, vertical distribution, tea Pest, 


MATERIALS AND METHODS 


A field planted with ‘China hybrid’ tea 
was selected for the study. Тһе experi- 
mental area consisting of 200 tea bushes, 
was located іп Munnar (Idukki District: 
Kerala State), at an altitude of 1500 т above 
MSL. These bushes, planted at a spacing 
of 1.2 « 1.2 m, were pruned in 1987 at a 
height of 60 cm above ground level; the field 
was kept free from pesticide application 
since pruning. Sampling for mites was 
started in September 1988. Two hundred 
and forty leaves were collected from 40 
bushes at random. From each bush, six 
leaves were examined, two each from the top, 
middle and bottom levels. Іп the present 
study, leaves from the top 10 to 15 cm of the 
bushes (plucking table) were considered ‘top 
level leaves’ and those present on the bushes 
up to a height of 45 cm above ground level 
were treated as “bottom level leaves’. Тһе 
foliage present between the top and bottom 
levels was regarded as ‘middle level leaves’. 
Leaves were sampled on the 14th and 28th of 
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every month. The total number of mites 
from each leaf was counted under a stereo- 
binocular microscope. Weather data per- 
taining to the study period were obtained 
from the crop weather observatory of the 
estate. 


The statistical significance of the inter- 
actions between the different weather fact- 
ors and mite population was analysed using 
the microcomputer (РВ-110) ‘by substituting 
the data for exponential regression analysis. 


Simple correlations were also made to 
study the influence of age of the plants 
since pruning on the incidence of purple 
mites. For this purpose, data on the 
number of mites present during the peak 
periods in the three years of the pruning 
cycle were utilised. 


RESULTS AND DISCUSSION 


Four species of mites were observed on the 
leaves collected from the experimental area 
and among them C. carinatus was predomi 
ant, forming 99.54 per cent of the total 


NUMBER OF MITES / LEAF 


MONTHS 


Fig. 1. 
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mite population. Populations of the other 
three species viz., Acaphylla theae (Watt), 
Acaphyllisa parindiae (Keifer) (Eriophyidae) 
and Oligonychus coffeae (Neitner) (Tetrany- 
chidae) were low, forming only 0.17, 0.07 
and 0.22 per cent, respectively of the total 
number of mites. 


The purple mites were present in varying 
numbers on leaves at all the three vertical 
levels throughout the year. Their population 
gradually increased from November, reached 
peak in March or April and started declining 
from May onwards. Fluctuations in the 
populations of C. carinatus for one pruning 
cycle during September 1988 to July 1991 
are depicted in Figure |. 


Data on the numerical abundance of 
C. carinatus at the three vertical levels of 
tea bushes revealed striking differences 
(Table 1). Population density of purple 
mites was significantly high on the leaves 
at the bottom level and leaves at the top 
and middle levels harboured very low popu- 
lations. Further, at all the three levels, these 
mites preferred the abaxial surface of leaves. 


AFTER PRUNING 


Population trends of Calacarus carinatus on tea at Munnar. 
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Taste |. Mean number of Calacarus carinatus 
per leaf at three vertical levels of tea 
bushes. 

Levels Mean + S.E. 

Top 1.92 + 0,20 a 

Middle 4:50 + 0.13 а 

Bottom 8.28 + 0.55 b 

C. D. at P = 0.01 2.98 


Age of the field from pruning showed a 
positive significant influence on the abund- 
ance of C. carinatus (P = 0 05). Population 
density of mites on leaves increased as the 
field advanced in age from pruning ie., 
the bushes in the third and fourth years of the 
pruning cycle harboured more number of 
mites than the younger field (Fig. 2). 


Heavy rainfall had a significant negative 
influence (P = 0.01) on the population of 
mites. Very high as well as very low per- 
centage of relative humidity also significantly 
reduced (P = 0.01) the number of mites 
(Table 2). 


The abundance of C. carinatus during 
the post-monsoon period (November to 


TABLE 2. 


March/April) could be attributed to the 
conducive weather conditions like modera- 
tely high temperature (24 to 26°C), optimum 
relative humidity (80 to 90 per cent) and low 
precipitation (0.5 to 3.0 cm). Heavy 
rainfall from May to August seems to wash 
off and kill a large number of the mobile 
forms from the leaves at all the three verti- 
cal strata of tea bushes. DANTHANARAYANA 
& RANAWEERA (1970) in Sri Lanka and 
SHIAO (1976) in Taiwan found that popula- 
tions of С. carinatus on tea were 
adversely affected by rainfall. | Similarly, 
MURALFEDHARAN & CHANDRASEKARAN(I98I) 


V=115 -05 £3.04X 
#20-62 


NO. OF MITES / LEAF 


MONTHS AFTER PRUNING 
Fig. 2. Relationship between age of the field 
since pruning and the population density 
of Calcarus carinatus on tea. 


Correlation coefficient (г) of Calacarus carinatus population on (са with different weather factors. 


Weather factors a b 1 
Rainfall (cm) ІР -0.05 20:37 ** 
Temperature minimum (?C) 13:3 -1.27 -0.12 
Temperature maximum (°C) 22,43 0.004 0.28 
Minimum Relative humidity (%) 28: -0.005 -0.45%% 
Maximum Relative humidity (%) 93.05 -0.992 —0.47** 


жж Significant at 1 % level. 
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and RADHAKRISHNAN ef al. (1987, 1990) 
showed that pink mites, A. theae in the 
Anamallais exhibited a negative correlation 
with rainfall. 


Purple mites preferred the leaves at the 
bottom level of bushes and this observation 
is in conformity with the results of an earlier 
study on the vertical distribution of eriophyid 
mites on tea (MURALEEDHARAN ef al., 1988). 
Mature tea leaves are rich in carotenoids; 
FERNANDO (1967) correlated the abundance 
of Oligonychus coffeae on mature leaves 
with their rhodoxanthin content. It is 
possible that similar preferences for such 
chemicals are involved in the selection of 
mature leaves by C. carinatus. 


Population density of purple mites on 
tea leaves increased as the field advanced 
in age from pruning. In Indonesia, 
OoMEN (1982) found that during the first 
two years after pruning, population of the 
scarlet mite Brevipalpus phoenicis Geijskes 
infesting tea multiplied slowly and more 
or less exponentially and in about two 
years after pruning, the average population 
growth levelled off. 


The purple mites are not successfully 
controlled by natural enemies, though two 
predators viz., Amblyseius herbicolus (Chant), 
(Phytoseiidae) and Scolothrips rhagebianus 
(Priesner) (Thripidae) were collected from 
the experimental area. Usually, acaricides 
such as sulphur, dicofol and ethion are 
applied for the control of purple mites. The 
present data could be useful for sampling 
the population and also evolving a suitable 
strategy for the efficient application of 
acaricides. 
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PARTHENOGENETIC DEVELOPMENT OF OVARIAN EGGS 
IN SOME BREEDS OF SILKWORM, BOMBYX MORI L. 
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Central Sericultural and Training Institute, Srirampuram, Mysore, India 570 008 


(Received 29 July 1992) 


Parthenogenetic development was induced in ovarian eggs of four poiyvoltine breeds, four bivoltine 
breeds and two bivoltine bybrids of silkworm, Bombyx mori L. Polyvoltine breeds showed lower 


parthenogenetic ability than bivoltine breeds. 


Japanese type bivoltines had higher rate of partheno- 


genesis than Chinese type bivoltines. All parthenotes were females. Quantitative traits of partheno- 


genetic individuals were inferior. 


No considerable differences were observed among quantitative traits 


in the hybrid of parthenogenetic females and bisexual male when compared to the respective bisexual 
hybrid. Heterosis over MPV and ВРУ for ERR (77) and cocoon characteristics was higher іп the 


former hybrid than the latter. 


(Key words: 


INTRODUCTION 


Parthenogenesis is а common method of 
reproduction in several animals (CUELLAR, 
1977; CLEMENT, 1982; CHOWDHURY, 1989) 
and it is an important tool in silkworm 
breeding which requires special significance. 
In silkworm, Bombyx mori L, several 
methods have been tried to activate parthe- 
nogenetic development (AsrAuROv, 1957; 
STRUNNIKOV, 1983; Takt ef al., 1990). 
The ability of parthenogenetic development 
and determination of sexes of parthenotes 
depend upon the type of method followed 
for the induction of parthenogenesis 
(STRUNNIKOV, 1975). Recently, a method 
for long term preservation of silkworm 
genetic stocks using ovary freezing trans- 
plantation - parthenogenesis system has 
been developed (SHINBO ef al, 1991). 
Hybrid vigour and parthenogenetic develo- 
pment have been studied іп parthenotes 
of some silkworm breeds (TAKE! ef al.. 1990). 


1. Present address: Silkworm and Mulberry 
Germplasm Station, Hosur, India 635 109. 


parthenogenesis, quantitative traits, breed, hybrid, Bombyx mori L.) 


Perusal of available literature revealed little 
information on the parthenogenesis in indi- 
genous and exotic silkworm breeds found in 
India. Hence, the present study has been 
undertaken to find out ability of partheno- 
genesis and its influence on manifestation of 
quantitative traits іп some breeds and 
hybrids of the silkworm, B. mori and the 
results are reported in this paper. 


MATERIALS AND METHODS 


Silkworm breeds used in this study were 
‘Pure Mysore’ (‘PM’) and ‘Nistari’ (indige- 
nous polyvoltines) KW| "and “РО (evolved 
polyvoltines), ‘NB7’ and ‘NB,D,’ (Japanese 
type bivoltines). А bivoltine hybrid viz., 
"NB; x МВ)” and its reciprocal were also 
tested. The experiment was carried out 
during January - February 1991 and the 
method of AsTAUROV (1967) was adopted 
for the induction of рагіһепорелейс deve- 
lopment. 


Ovarian eggs were obtained from freshly 
emerged virgin moths by squeezing out 


tA 
we 


ovartoles. Eggs were washed with tap 
water and kept at 25°C for 12 h. Then the 
eggs were heat-treated in water bath at 
46°C for 18 min. Soon after the treatment, 
eggs were transferred to water at room 
temperature for 10 min. Subsequently, the 
eggs were dried and incubated at 15°C and 
relative humidity of 85 to 90 ° for 72 h. 
With the appearance of light brownish 
serosal colour, eggs of bivoltine breeds 
and their hybrids were treated with hot 
hydrochloric acid at 46°C (specific gravity 
1.075) for 5 min. The eggs were incubated 
at 25°C till hatching. The parthenogenetic 
development of the eggs was identified with 
the appearance of reddish - brown/ dark 
pigmentation in the serosa which indicated 
a sign of embryonic development. The 
ratio of reddish — brown / dark pigmented 
eggs and total number of eggs treated was 
expressed as the percentage of partheno- 
genetic eggs. Rearing of larvae hatched 
from parthenogenetic eggs and normal 


RAVINDRA SINGH, K. P. JAYASWAL & B. SARATCHANDRA 


fertilized (bisexual) eggs was carried out 
simultaneously as per KRISHNASWAMI (1978). 
Data were recorded for larval span, hatcha- 
bility, effective rate of rearing (ERR), 
cocoon weight, cocoon shell weight, cocoon 
shell ratio and sex in the case of parthenotes. 
Heterosis was worked out with the following 
formulae: 


1. Heterosis over mid parent value (MPV) 

Бу — MPV 
Lore Ж did 
MPV 


2. Heterosis over better parent value(BPV) 


— BPV 
eS x 100 
BPV 


RESULTS AND DISCUSSION 


Data on parthenogenetic development 
(Table 1) indicated that the occurrence of 
parthenogenesis in the ovarian eggs of 
different silkworm breeds varied greatly, 


Taste 1. Extent of parthenogenetic development in ovarian eggs of different breeds of silkworm, 
Bombyx mori L. 
S. Breed/ Total no. of No. of reddish Partheno- No. of Hatching 
no. Combination eggs treated brown/dark genicity hatched (%) 
pigmented eggs (%) eggs 
1. Pure Mysore 5935 {80 3.03 Nil --(94.4) 
2. Nistari 5010 32 0.63 nil --(94.0) 
3. KW, 5944 29 0.37 nil —(95.5) 
4. PD, 5837 175 3.46 27 15.4(95.7) 
5. NB, 5167 2141 48.42 361 16.8(95.9) 
6. KA 4251 1825 50.59 326 17.8(96.4) 
7. NBis 7013 4745 84.25 1164 24.5(96.0) 
8. NB,D, 4252 2715 89.18 1077 39.6(97.2) 
9. NE; x МВ. 8860 5500 79.65 1557 28.3(97.6) 
10. NB;. x NB; 9235 2010 82.71 2010 35.7(96.8) 


Figures in parentheses indicate hatchability of fertilized eggs of respective silkworm breeds. 
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ranging from 0.37% in" KW; to 89.18% 
in ‘NB, Dy. А similar result on partheno- 
genetic development іп some silkworm 
breeds was also observed by ТАКЕ ef al., 
(1990). The occurrence of parthenogenesis 
was lower in polyvoltine breeds (48.42 to 
89.18%). Among bivoltine breeds, "МВ, 
ала ‘NB, D5' (Japanese type) had higher 
percentage of parthenogenesis (84.25 to 
89.18%) than that of ‘NB, and ‘KA’ 
(Chinese type) (48.42 to 50.59%). Further, 
there was no hatching from parthenogenetic 
eggs in majority of polyvoltines viz.. 'Pure 
Mysore’, 'Nistar and “КМ, though 
serosa of the eggs showed reddish brown 
colouration. However,  hatchability of 
parthenogenetic eggs of the breeds studied 
was poor, ranging from 15.4% in ‘PD, to 
39.6% in 'NB,D;' even though pigmen- 
tation of serosa reached blue egg stage. 
It may be concluded that occurrence of 
partheogenesis and hatchability are соп- 
trolled genetically. 


On examination of sexual markings of 
Sth instar larvae, it was observed that the 
sex of all the  parthenotes in the present 
study was found to be female which could 
be attributed to the destruction of spindle 
fibres during first meiotic metaphase in 
parthenogenetic development which resulted 
in only female progeny (AsrAUROV, 1957). 


Comparative rearing performance of 
parthenogentic and bisexual individuals of 
the breeds (Table 2) exhibited that there 
was a reduction in the total larval period in 
most of the parthenotes as compared to 
bisexual individuals barring that of ‘Рр’ 
and ‘KA’. Data onquantitative traits demon- 
strated that performance of parthenogenetic 
individuals was inferior to bisexual indivi- 
duals for ERR (%) ranging from 45 to 71% 
as against 85 to 95% of bisexual individuals. 
Female cocoons of bisexual individuals 
had more weight (1.52 to 2.04 g) than that 


of the respective parthenotes (0.56 to 1.76 g). 
А similar trend was also observed with 
respect to cocoon shell weight and cocoon 
shell ratio in all the bisexual individuals 
(24.40 to 39.70 cg and 16.08 to 19.63%) 
and parthenotes (7.30 to 33.80 cg and 12.97 
to 19.24%) tested barring parthenotes of 
'NB4D4' which exhibited more female 
cocoon shell weight and cocoon shell ratio 
than that of tts bisexual female individuals. 
It could be inferred that survival and co- 
coon characteristics, in general, of the parth- 
enotes were infertor to respective bisexual 
individuals of the breed studied. Similar 
observations were also reported by TANAKA 
(1953) in B. mori and by RorH & WILLIS 
(1956) іп cockroaches for the survival. 
However, STRUNNIKOV (1975) reported 
better survival in parthenotes than in most 
of the bisexual hybrids of the silkworm. 
B. mori. Rearing performance of bivoltine 
hybrids revealed that no considerable diff- 
erences were observed in quantitative traits 
between the hybrid resulting from a parthe- 
nogenetic female (NB, D2) and a bisexual 
male (‘KA’) and its respective bisexual 
hybrid (Table 2). 


Taking eight silkworm breeds/combinations 
and two types (bisexual and parthenote) as 
two factors, data on three quantitative 
traits viz., cocoon weight, cocoon shell 
weight and cocoon shell ratio with respect 
to female were analysed according to 8 «2 
asymmetrical factorial analysis. Different 
effects were observed among the silkworm 
breeds/combinations as for the development 
of their parthenogenetic eggs was con- 
cerned. Results of the factor analysis 
revealed that both parthenote and bisexual 
individuals differed significantly (at 1% 
level of significance іп their quantitative 
traits (Table 2). 


When hybrid vigour in a bisexual biovl- 
tine hybrid and a bivoltine hybrid of female 
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TaBLE 2. Comparative rearing performance of parthenotes and bisexual individuals of breeds/hybrids of 
the silkworm, Bombyx mori. 


5. Breed/ Larval ERR Cocoon Cocoon Cocoon 
no. Combi- Type span (9^) weight shell shell 
nation D:H (g) weight ratio 
(cg) (%) 


1.17+0.01 22.90+0.28 19.58+0.22 
1. Р.Б, а. Bisexual 24:12 94.66 1.01 
1.52+0.03 24.40+0.48 16.08+0.33 


b. Parthenote 24:12 44.83+0.99 0.56+0.02 7.30--0.32 12.97+0.39 


1.71+0.03 40.80+0.84 23.85--0.36 


2. NB, а. Bisexual 27:06 85.83 +1.45 
2.02+0.04 39.70+7.64 19.63+0.13 


1.58+0.03 33.60+0.79 22.13+0.27 
3. КА а. Bisexual 26:06 86.33+1.45 
1.93+0.05 35.60+0.72 18.46+0. 25 
b. Parthenote 26:06 49.330 2.40 1.32*0.1! 19.77-1.68 15.83 +0.41 
1.39+0.18 30.70+0.44 22.19+0.17 


1.64+0.03 31.00+0.50 18.98+0.23 


м 
Е 
F 
M 
F 
b. Parthenote 26:06 53.33+4.37 F 1.32-0.03 23.64+0.92 17.90+0.43 
M 
F 
F 
M 
4. NB; a. Bisexual 26:06 89.83+2.17 " 


b. Parthenote 25:06 67.33+2.91 Е 1.43+0.03 25.30+0.87 17.72+0.28 
M 1.50-0.03 30.60+0.72 20.45 +0.42 
5. NB,D, a. Bisexual 28:06 84.83+0.33 
Е 1.90-0.02 32.50+0.45 17.15+0.20 
b. Parthenote 28:00 69.5042.31- F 1.76%0.39 33.80+0.66 19.24+0.31 
M 1.56+0.04 35.80+0.88 22.89+0.38 
6. NB;xNB;, a. Bisexual 28:12 91.66-41.64 
Е 2.03+0.02 39.60+0.57 19.49+0.17 
b. Parthenote 28:00 71.0+1.44 Е 1.64+0.03 30.50+0.76 18.65+0.30 
M 1.60+0.01 36.00+2.49 22.58+0.09 
7. МВ; хМ№В; a. Bisexual 28:12 90.00+2.18 
F 2.04+0.03 38.50+2.16 18.80--0.07 
b. Parthenote 28:00 70.3341.45 F 1.67--0.01 31.20--2.64 18.64--0.07 
M 1.3540.07 29.60--2.48 21.87--0.09 
8. NB,D;xKAa. Bisexual 27:10 84.93+1.50 
F 1.67+0.02 30.70+1.79 18.39+0.04 
M 1.36+0.03 29.70+0.62 22.93:%0.27 
b. Parthenote x 27:02 81.60--0.83 Е 1.70+0.04 31.90+0.90 18.74+0.17 
Візехиа! 
Breed/Combination а. CDat5% 0.05 0.00 0.19 
b. CDat 175; 0.07 0.01 0.26 
Parthenote a. CDat 5% 0.03 0.00 0.09 
b. CDat 17 0.04 0.00 0.19 


D : days, H : hours, M: males, F : females, and CD :critical difference. 


PARTHENOGENETIC DEVELOPMENT OF BOMBYX 


TABLE 3. 
female parthenote and bisexual males. 


6l 


Heterosis over mid and better parent values of bisexual hybrids and hybrids resulting form 


Combination/ Larval 


Cocoon Cocoon Cocoon 
Type duration ERR weight shell shell 
weight ratio 
МВ; X NB;s 
MPV + 6.54 + 4.36 + 6.39 + 5.31 — 0.03 
a. Bisexual 
BPV + 8.57 + 2.04 — 3.80 -- 6.45 — 2.75 
b. Parthenote 
x MPV + 0.07 + 17.69* + 18.99** + 24.49** + 4.62** 
Bisexual 
BPV + 2.97 + 5.45 + 14.25%% + 20.55** + 4.18* 
МВ X NB; 
MPV + 6.54 + 2.47 + 7.76 + 4.79 — 2.16 
a. Bisexual 
BPV + 8.57 + 0.19 — 2.57 -- 7.46 - 4.70 
b. Parthenote 
x MPV + 8.74 + 16.57* + 21.75** + 27.35** + 4.62** 
Bisexual 
BPV + 10.89 + 4.45 + 16.90** + 23.32** + 4.09 
** — Significantly different (P < 0.01) and * — ІР < 0.5) 


parthenote and bisexual male (Table 3) were 
analysed, heterosis over MPV and BPV 
for ERR and cocoon characteristics was 
found higher in the hybrid resulting from a 
female parthenote and a bisexual male than 
in the bisexual hybrid of the respective 
breeds. The quantitative traits like cocoon 
weight and cocoon shell weight showed 
high level of hybrid vigour (P «0.01) when 
their mid and better parent values were 
compared with that of their respective 
parthenotes (Table 3). Similar high heterosis 
in different hybrids of B. mori was observed 
(TAKE! et al., 1090). However no significant 
difference was observed in total laval span 
between parthenote and bisexual individuals. 
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EFFICACY OF SOME INSECTICIDES TO CONTROL SHOOTFLY, 
DELPHACID, APHIDS AND LEAF SUGARY DISEASE 
IN SORGHUM 


S. D. CHAUDHARI, К. R. KARANJKAR & R. D. CHUNDURWAR 
Sorghum Research Station, Marathwada Agricultura! University 
Parbhani, India 431 402 


(Received 26 January 1991) 


Тһе experiments were conducted with different insecticides to control shootfly, delphacids, aphids and 
leaf sugary malady (chikta) on CSH-8R and M-35-1 sorghum genotypes in rabi 1984-1985. Amongst 
the insecticides tried 3 sprays of quinalphos (0.05 °/) were effective in controlling the shootfly in CSH-8R. 
Delphacid population was controlled by all the chemicals than untreated control, except in carbofuran 


seed treatment in M-35-1. 
M-35-1 than other chemicals under study. 
(CSH-8R and M-35-1) the genotypes. 


(Key words: 


Sorghum is mainly grown under rainfed 
conditions in Maharashtra, over an area 
of about 65.77 lakh ha, out of which about 
35 lakhs ha are cultivated in winter and 
rest in kharif season. However, average 
grain yields are higher (100 kg/ha) in kharif 
than іп rabi season (400 kg/ha) (ANONY- 
MOUS, 1984). 


The rabi sorghum has to grow on residual 
soil moisture only. Іп addition to rece- 
ding soil moisture, shootfly (Atherigona 
зоссаа Rond.),  Delphacids (Peregrinus 
maidis (Ashmead). aphids (Aphis sacchari 
Z.), leaf sugary malady etc. play their role 
to reduce the grain yields of winter sorghum 
(APTE, 1958; CHUNDURWAR & KARANJKAR, 
1979; More, 1983). Annual losses to the 
extent of 10-15% due to leaf sugary malady 
have been reported by CHAVAN et al. (1959). 


Very little imformation is available on 
gram yield losses due to these pests. Pre- 
sent investigations were therefore, directed 
to find out the relationship between the 


Aphid population was significantly controlled by quinalphos spray in 
Cypermethrin (0.01 ?7) 3 sprays controlled the chikta in both 


sorghum pests, control, chemical, insecticides, Atherigona soccata) 


incidence of pests with grain yield and to 
control the pests and leaf sugary malady. 


MATERIALS AND METHODS 


Two field experiments were conducted 
for the control of shootfly, delphacids and 
aphids by chemicals during the winter of 
1984-1985. Each experiment included twelve 
treatments arranged in R.B.D. replicated 
thrice (Tables | and 2). The plot size was 
3 x 2.5 m. In one experiment, 'CSH-8R' 
was used and іп another ‘M-35-!°. Both 
the experiments were sown on 12.10.1984 
by dibbling with 45 х 15 cm spacings. 
Fertilizer dose of 80 kg М/һа and 40 kg 
Р,О;/ћа was applied at the time of sowing. 


Insecticides were applied (2 or 3 sprays 
as per treatment) at weekly intervals after 
one week of the emergence of “CSH-8R’ 
for the control of shootfly (Table 1). Obser- 
vations on damage of shootfly was recorded 
on 28th day after emergence and presented 
as percentage of shootfly deadhearts. 
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In second experiment with “М-35-Г, in- 
secticides were applied on 2.11.1984 (20th 
day after emergence) and on 10.11.1984 
(28th day after emergence) for the control 
of delphacids. Similarly same treatments 
(Table 2) were repeated twice i.e., on 
12.12.1984 (60th day) and 21.12.1984 (69th 
day) for the control of aphids. Observa- 


tions on delphacid population on randomly 
selected five plants per plot and aphid popu- 
lation in 1 cm? on 3rd leaf from top of rand- 
omly selected 10 plants/plot of each repli- 
cation were recorded each before application 
of insecticides and 48 h after the 
last spray of insecticides. The percentage 
of plants affected bv leaf sugary malady 


TABLE |. Effect of chemical sprays on the incidence of shootfly, delphacids and leaf sugary disease on 

sorghum hybrid CSH-8R. 

Treatment Shootfly No. of Chikta Inten- Grain 
dead- delpha- affec- sity yield 
hearts cids/5 ted grade (q/ha) 
(97) plant plants of 

(%) chikta 

Endosulphon 10.70 4.6 72.92 4.6 35.13 

0.05% 2 spray (18.8) 

Endosulphon 6.75 2.46 58.10 4.0 37.85 

0.0555 3 spray (14.3) 

Oncol 0.05% 10.85 4.3 62.57 4.3 40.56 

2 spray (18.8) 

Oncol 0.05% 5.97 2.8 37.84 2,3 37.45 

3 spray (14.8) 

Cypermethrin 5.11 2.0 53.52 3.6 41.65 

0.01 °% 2 spray (12.3) (47.0) 

Cypermthrin 4.05 2.6 26.78 t.1 40.74 

0.01 % 3 spray (11.4) (31.8) 

Quinalphos 0.05 °% Tel 6.0 76.94 4.6 32.98 

2 spray (16.0) (48.2) 

Bromophos 4.98 323 64.08 4.0 34.88 

0.05% 2 spray (12.1) (53.2) 

Bromophos 6.89 5.0 $2.35 3.3 38.19 

0.05% 3 spray (15.2) (46.6) 

Orthane 0.1% 8.71 2:3 49.15 2.3 41.10 

3 spray (20.9) (44.5) 

Control 18.53 3:3 85.43 5.0 24.76 

(25.3) (67.7) 
5.Е.-- (1.8) 1.0 (2.51) 0.19 2:76 
G.D'.at 524 (5.3) N.S. (7.36) 0.54 8.14 


Values in parentheses are arcsin values. 
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and its intensity grade on second leaf from 
top were recorded on 22.11.1984. The in- 
lensity grades for leaf sugary malady were 
given as below; |-Мо appearance of 
leaf sugary malady; 2=Exudate droplets 
upto 0.1 cm diameter; 3=Exudate drop- 
lets between 0.1 to 0.5 cm diameter; 4= 
Exudate drop between 0.5 to 1.0 cm 


TABLE 2. 
genotype М-35-1. 

Treatment No. of 
delph- 
acids/5 
plants 

Carbofuran 22.0 

SET. SY 

Carbaryl 6.0 

0.2% spray 

Dimethoate 3:0 

0.03% spray 

Quinalphos 2-6 

0.05 % spray 

Cypermethrin |98) 

0.01 % spray 

Bromophos methyl 1.6 

0.05°% spray 

Endosulphon 3.0 

0.05% spray 

Carbaryl 3.8 

5% dust 

BHC 10% dust 1.0 

Carbaryl + 3.3 

BHC 10% 

Kaolin 3% 7.6 

spray 

Control 17.3 

S.E. + 2:02 

C.D. а(5% 5.92 


diameter; 5=Exudate drops spread up over 
more than 1 cm diameter. Тһе plotwise 
grain yield recorded was statistically 
analysed. 


RESULTS AND DISCUSSION 


Application of different insecticides for 
the control of shootfly significantly reduced 


Effect of chemical sprays on the incidence of delphacids, aphids, and leaf sugary disease on sorghum 


No. of Chikta Inten- Grain 
aphi- affec- sity yield 
ds/ ted grade (q/ha) 
cm? plants of 
chikta 
31.0 82.9 4.0 40.04 
(66.5) 
44.6 89.1 3.6 35.05 
(56.3) 
13.0 60.3 4-2 40.23 
(51.0) 
5.0 $9.7 3.6 39.05 
(50.6) 
36.0 35.6 ig 37.03 
(36.6) 
24.6 60.1 3.6 37.37 
(50.8) 
29.3 58.11 4.1 31.89 
(49.9) 
42.3 63.2 4.0 36.08 
(52.7) 
30.6 63.8 3.6 39.34 
(53.4) 
28.0 58.5 349 36:23 
(50.0) 
34.6 68.6 4.0 34.66 
(55.9) 
67.6 75.8 4.3 25.92 
(61.9) 
5.9 (3.8) 0.3 9:27 
17-8 (10.6) 0.8 


Figures in parentheses аге the агсѕіп values. 
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the fly damage over control (Table 1). How- 
ever, 3 sprays of qumolphos 25 EC @ 0.50% 
(T-8) recorded minimum deadhearts which 
were significantly superior to control (Т-12), 
two sprays of endosulphon (T-1) and oncol 
(Т-3). In winter season all chemicals under 
study showed significant control of shootfly, 
than untreated control (T-12). However, in 
kharif season JorwaNi (1982) reported 
that foliar application does not give satis- 
factory control even with most potent insec- 
ticide. Our own observations of last dec- 
ade also show that under high pressure of 
shootfly, even carbofuran seed treatment 
was ineffective to control the shootfly 
damage satisfactorily. Differences in 
delphacid population, on ‘CSH-8R’, were 
nonsignificant in ай the treatments. 
Percentage of plants affected by leaf sugary 
malady and its intensity was significantly less 
on ‘CSH-8R’, with 3 sprays of cypermcth- 
rine (Т-6) than all other treatments. 


In the experiment of *M-35-1' (Table 2) 
delphacid population was significantly less 
in the plot applied with BHC 10% dust over 
carbofuran seed treatment (T-1). Kaolin 
spray (T-11) and untreated control (Т-12). 
RATHORE ef al. (1970) also reported similar 
observations. Aphid population was sig- 
nificantly less on quinalphos sprayed plants 
(T-4) than other treatments except, in dime- 
thoate spray (T-3) which was on par with 
T-4 treatment. It is well known that 
delphacids and aphids can be satisfactorily 
controlled by the application of insecti- 
cides (DoRGE & POKHARKAR, 1965; BORIKAR 
& DESHPANDE, 1978; PorE, 1975). In this 
experiment ‘(M-35-1)’ differences in the 
percentage of plants affected with leaf 
sugary malady due to different treatments 
and the intensity grade had significant diff- 
erences. Lowest % of plants affected and 
intensity grade was observed in cypermeth- 
rin spray (Т-5). 


In both the experiments the grain yield 
differences among the chemical treatment 
were on par with each other. However they 
were significantly superior to untreated 
control. 
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Studies undertaken on the variability in tolerance to endosulfan, HCH, fenvalerate and methyl parathion 
in 14 colonies of Apis mellifera 1... and 6 of Apis cerana indica Е. showed that one colony of A.mellifera 


was 2.15 times tolerant to endosulfan. А. c. 


insecticide. 
two Apis species. 


(Key words: 


INTRODUCTION 


Non-selective insecticides, though basic 
to modern agriculture. are detrimental 
to honeybees (ANDERSON & ATKINS, 1968). 
The development of insecticide tolerant/ 
resistant strains is опе way to overcome 
this problem and some tolerance to DDT, 
carbaryl, methyl parathion, permethrin 
and azinphosmethyl has been reported in 
field strains іп Apis mellifera L. 
(ATKINS & ANDERSON, 1962; GRAvES & 
MACKENSON, 1965; TAHORI et al., 1969; 
TuckER, 1980; MALASPINA & START, 1983; 
DANKA etal., 1986). Further, the develop- 
ment of tolerance to insecticides in any 
insect species is directly dependent upon 
the number of reproductive forms in the 
population exposed to a chemical in a given 
time span (GEORGHIOU, 1965). Therefore, 
studies were undertaken to screen out colo- 
nies of Apis mellifera L. and Apis cerana 
indica F for their variability in suscepti- 
bility to endosulfan, hexachloro-cylohexane 
(HCH), fenvalerate and methyl parathion. 


I. Entomologist, Regional Research Station, 
HPKV, Bajaura, Kullu 175 125 (H.P.). 


indica has also showed 3 to 4 times tolerance to this 
There was no correlation of LD, of different insecticides with the fat content of bees of 


insecticide tolerance, Apis mellifera L., Apis cerana indica F.) 


These insecticides were used for the studies 
because of their wide and frequent use 
against insect-pests of field and orchard 
crops in Himachal Pradesh (ArrRI & 
SHARMA, 1969; ANONYMOUS, 1984; 1986). 
Since susceptibility of insects to insecticides 
has indirect relationship with body fats 
(Munson & Gort ein, 1953; BEYE et al., 
1961; BENNET & THomas, 1963), fat contents 
of honeybees from different colonies were 
also compared. 


MATERIALS AND METHODS 


Outgoing foragers (more than 21 days 
old) of two Apis spp. were used for the 
studies. Two months before ехрегітеп- 
tation, honeybee colonies were equalised 
with respect to bee strength (4. mellifera: 
7-83 frames, 4.«. indica: 43-5 frames), 
brood (А. mellifera: 5 frames; A. C. indica: 
2 frames) and food stores (4. mellifera: 
2.000 kg, A. c. indica 1.000 kg) for condi- 
tioning them. 


For determining contact toxicity to bees, 
technical grades of endosulfan, fenvalerate: 
HCH and methyl parathion were used. Out 
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going foragers of two Apis spp. were cap- 
tured at the hive entrance between 0900 
and 0930 h and were immobilized at 5°С. 
One microlitre per bee of acetone-insecticide 
solution was applied to the thoracic tergum 
with micro-applicator (Burchard Manufac- 
turing Co. Ltd., Rickmansworth, England). 
For each chemical, concentrations were 
adjusted to obtain mortalities between 10 
to 90 percent. A complete test for each 
insecticide finally consisted of three repli- 
cations (10-15 bees per replicate) of each 
of 4-5 concentrations and the control. 
Control bees were applied with | #1 acetone 
only. Cages with test bees were maintained 
at 26+ 1°C and 65+ 5% relative humidity. 
Treated bees were fed on 50% sugar syrup. 
Mortality counts were taken after 24 h. 
Bees unable to move or with unco-ordinated 
movements were counted as dead. Data 
for per cent mortality were corrected by 
ABBOTT'S (1925) formula and subjected to 
probit analysis (FINNEY, 1971). The quan- 
tity of insecticide in 1MI solution of each 
concentration was calculated to estimate 
LDso value. Inter colony variation and 
tolerance ratio (TR) were calculated by 
dividing 1.00 of the insecticide to bees of a 
colony with the lowest LDso value among 
the colonies. 


Fat content of bees (50 bees x 5 replicates/ 
colony) were determined following TARHORI 
et al. (1969). The extraction was carried 
out in petroleum-ether (bp: 60-80°С). 
Fiducial limits of the 1.0; values of insec- 
ticides were used to determine the differences 
in the susceptibility of bees from different 
colonies. Fat content between the Apis spp. 
were compared by Fisher’s t-test. Со- 
efficients of linear correlation (r) of LD;os 
of insecticides with fat content were calcu- 
lated with standard statistical method. 
(SNEDECOR, 1956). 


RESULTS AND DISCUSSION 


Variability in tolerance: The toxicity data 
of different insecticides for bees from diff- 
erent colonies of Apis spp. have been 
given in Table 1. Data show that A. melli- 


fera bees from colony No. 5 are 2.15 times 


tolerant to endosulfan (LDsg differing 
statistically from other colonies except 
No. 6) as compared to colony no. 14. 
For other insecticides, LDsg values аге 
at par among the colonies. Although 
level of tolerance to endosulfan in colony 
No.5 is low but in the absence of base line 
data for endosulfan and other insecticides, 
it is not possible to authenticate the degree 
of tolerance that this species has developed 
to these insecticide after its introduction in 
this country in 1962. Low levels of tolerance 
to endosulfan in colony No. 5 are undoub- 
tedly due to an intercolony variation rather 
than selection. Low levels of tolerance 
(about 2 times) to DDT in two among !8 
colonies of А. mellifera were also reported 
by TAHORI ef al. (1969) and this was also 
believed to be due to inter colony variation. 
ATKINS & ANDERSON (1962) found that 
honeybees had developed resistance to DDT 
over the past few years and that the colonies 
gradually changed in their susceptibility 
to a given dose of DDT from 65 per cent to 
15 per cent kill over an eight years period. 
Tucker (1980) found that selection for 
survival to carbaryl during nine generations 
produced resistance in newly emerged queens 
but only vigour tolerance in newly emerged 
worker bees. Ву llth generation, the maxi- 
mum screening done was quadrupled for 
queens and doubled for drones. Differences 
in tolerance to DDT among different colonies 
of Africanized and Italian bees (MALASPINA 
& START, 1983) and to azinphosmethyl, 
carbaryl methyl parathion and permethrin 
between  Africanized and European bees 
(DANKA ef al. 1986) have also been 
reported. 
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There is no variability in susceptibility 
among 6 colonies of А. с. indica to the 
four insecticides. However, considering the 
results of MisHRA & VERMA (1982) as base 
line data (LDsg for endosulfan = 0.389 
HMgíbee), present results show that this spe- 
cies has developed tolerance to endosulfan 
and the tolerance levels in 6 colonies are 
4.11, 2.94, 3.60, 3.45, 3.15 and 4.07 times 
more, respectively (Table 1). When pre- 
sent findings are compared with base line 
data for fenvalerate (MISHRA & VERMA, 
1982; LDsg=0.009 #g/bee), 6 colonies of 
A. c.indica require 1.18, 1.35, 1.47, 1.63, 
1.17 and 1.33 times more fenvalerate for 
LDso (Table 1). These values being low 
and statistically similar show that this 
species has not yet developed any tolerance 
to fenvalerate. For other insecticides, there 
is no base line data against A.c. indica and 
thus present findings cannot be compared, 


Results thus indicate that bees of two 
Apis have not developed any tolerance to 
HCH, fenvalerate and methyl parathion, 
and showed only low levels of tolerance to 
endosulfan. The development of tolerance/ 
resistance to insecticides іл honeybees 
through indirect exposure of queens and 
drones dividing several generations is un- 
doubtedly a slow process and this has been 
expressed by either no or only low levels of 


tolerance to four imsecticides in the two 
Apis spp. in the present findings. There- 
fore, for fruitful work in this area, methods 
for the exposure of great number of queens 
and/or drones to insecticides(s) will have 
to be developed. 


Body fat content and its relationship with 
LDso values of insecticides: 


Fat content in 14 colonies of A.mellifera 
and 6 colonies of А. с. indica varied from 
4.85 to 9.79 (Mcan: 7.63%) and 4.63 to 
7.98 (Меал:6.44%) per cent, respectively 
(Table 2). There is no report on the esti- 
mation of fat content іп А. с. indica and, 
therefore, present results cannot be com- 
pared. Results on the fat content in А. melli- 


fera are in agreement with ALBRECHT (1961), 


TAHORI et al. (1969) and RYAN et al. (1983) 
who reported 9.0, 9.15 and 7.54 per cent 
fat, respectively on dry weight basis but 
differ from ВЕҮЕ et al. (1961) who reported 
comparatively higher fat content (on dry 
weight basis) for summer bees (12.2%) and 
winter bees (12.0%). Higher fat content 
(13.4%) was also reported by MUSZYNSKA 
(1974). The differences can be attributed 
to solvents used for fat extraction. Where- 
as a mixture of acetone and chloroform, 
and chloroform and methanol (2:1) were 
used for fat extraction by BEYE ef al. 


TABLE 2. Fat content of Apis mellifera (n = 14 colonies) and Apis cerana indica (п —6 colonies) foragers 
and their correlation with the LDg«s for different insecticides. 
Fat (9 of dry body weight) Co-efficient of Linear correlation (r) 
Species : ра 
Mean + SE, Range Endosulfan HCH  Fenvalerate Methyl 
parathion 
Apis mellifera 7.63 + 0.37 4.85 — 9.79 +0.05 --0.09 +0.29 +0.04 
A. cerana indica 6.44 + 0.45 4.63 — 7.98 +0.42 + 0.46 +0.44 +0.18 
t (0.05) 1.08* 


* Non-significant at 18 degrees of freedom (Table value of t = 2.101). 
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(1961) and MUSZYNASKA (1974), respectively, 
petroleum ether (60-809 b p) was used іп 
the present investigations. When two 
honeybee species were compared, they did 
not differ significantly in fat content. Duta 
presented in Table 2 indicated that LDsos 
of four insecticides against two Apis species 
did not show any significant correlation 
with fat content. Non-significant correla- 
tion of LDgys of different insecticides with 
body fats can be attributed to the low vari- 
ation recorded among the colonies for 
susceptibility to different insecticides. 
These findings are in agreement with BEYE 
et al. (1961) who found no relationship 
between insecticide resistant and fat content 
of summer and winter bees of A. mellifera. 


Results on the variability in tolerance 
in 14 colonies of A. mellifera and 6 of A.c. 
indica to endosulfan, HCH, fenvalerate and 
methyl parathion thus show that one colony 
of A. mellifera is 2.15 times tolerant to 
enosulfan. A.c. indica has also shown 3 to 
4 times tolerace to this insecticide. There 
was no correlation of 1.005 of different 
insecticides with the fat content of two Apis 
species. 


REFERENCES 


Аввот, W.S. (1925) A method of computing the 
effectiveness of insecticides. J. econ. Епі., 
18, 265-267. 


ALBRECHT, G. (1961) Untersuchungen uber die 
chemische Zusammensetzung einiger Insekten- 
fette. (Investigations on the chemical compo- 
sition of some insect fats). 2. Vergl. Physiol., 
44, 487-508. 


ANDERSON, L.D. A. (1968) Pesticide usage in relation 
to beekeeping. A. Rev. Ent., 13, 213-238. 


ANONYMOUS (1984) Package of Practices for Fruit 
Crops. Directorate of Agricultural Extension 
Education. Н. P. Krishi Vishvavidyalaya, 
Palampur (H.P), India. 


ANONYMOUS (1986) Package of Practices for Rabi 
Crops. Directorate of Agricultural Extension, 


H. P. Krishi Vishvavidyalaya, Palampur (H.P.) 
India. 


ATKINS, E.L. & D. ANDERSON (1962) DDT resist- 
ance to honeybees. J. econ. Ent., 55, 791-792. 


ArTRI, B. S. & P. L. SHARMA (1969) Toxicity of 
some new insecticides to Indian honeybee 
(Apis cerana indica F.). Pesticides, 3, 27-29. 


Веммет, S.E. & C.A.Jr. Тномав (1963) The corre- 
lation between lipid content and per cent 
mortality of the alfalfa weevil to heptachlor 
and malathion. J. econ. Ent., 56, 239-240. 


Beye, F., №. KAESER, & R. BUCHNER (1961) Zur 
Wirkung von Aktivsubstanzen verschiedener 
insektizide auf Bienen. ІП. Mitteilung: Lipoi- 
dgehalt von Bienen nach Kontaktbehandlung 
und dessen Wirkung auf Drosophila in Biotest. 
Anz. Schadl., 34, 26-28. 


Danka, R.G., Т. E. RINDERRER, R. L. HELIMICH & 
А. M. CoLLINs (1986) Comparative toxicities 
of 4 topically applied insecticides to African- 
ized and European honeybees (Hymenoptera: 
Apidae). J. econ. Ent., 79, 18-21. 


Finney, D. J. (1971) Probit Analysis. A Statistical 
Treatment of the Sigmoid Curve (2nd ed.) Cam- 
bridge university Press, London, 318 pp. 


GeorGuiou, С.Р. (1965) Genetic studies on insec- 


ticide resistance. Adv. Pest. Control Res., 6. 
171-230. 


Graves, J. B. & О. MACKENSON (1965) Topical 
application and insecticide resistance studies 
on the honeybee. J. econ. Ent., 58, 990-993. 


MALASPINA, O. & A.C. START (1983) DDT tolerance 
of Africanized bees. Italian bees (Apis melifera 
lingustica) and their F, hybrids (Hymenoptera: 
Apidae). J. Kansas ent. Soc., 56, 74-79. 


MisHRA, R. C. % А. К. VERMA (1982) Relative 
toxicity of insecticides to Apis cerana indica 
F. workers. Indian Bee J., 44, 69-71. 


Munson, S. C. & М.І. Сотілев (1953) The diffe- 
rences between male and female American 
roaches in total lipid content and in suscepti- 
bility to DDT. J. econ. Ent, 46, 798-802. 


MUSZYNSKA, 7. (1974) Determination of total 
nitrogen and crude fat content of honeybees. 
Oznaczanie azotnooplneco. i tluszczu suroweco 
wpszczok middnei Pszczelnize Neszyty Naukowe, 
18, 175-181. 


72 ANIL KUMAR & JITENDER KUMAR 


Ryan, J. К. P. JeLLER & W. С. Sauer (1983) Alka- ТАанокі, А. S., Z. Soper & М. SoLLER (1969) 
line extraction of protein from spent honeybees. Variability in insecticide tolerance of eighteen 
J. Ed. Sci., 48, 886-889. honeybee colonies. Ent. exp. arpl., 12, 85-98. 

Snepecor, С. W. (1956) Statistical Methods . 
applied to Pleas a Agriculture and Bio- TUCKER, K. W. (1980) Tolerance. to carbaryl in 
logy (Sth ed). The Iowa State College Press, honeybees increased by selection. Amer. Bee 
Ames, Iowa, 534 pp. J., 120, 36-37, 39, 41-46. 


Entomon 1994 Vol. 19 No. | & 2 pp. 73 to 75 


RELATIVE EFFICACY OF NEW GRANULAR FORMULATIONS 
AGAINST RICE HISPA DICLADISPA ARMIGERA OLIV. 
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A. P., India 500 030 


(Received 26 December 1991) 


The efficacy of four new granular insecticides viz., oncol, ethoprop, chlorpyriphos and cartap was 
tested under field condition against rice hispa Dic/adispa armigera Oliv. and compared with carbo- 
furan. Тһе test insecticides registered significantly higher grub mortality (79.2 (о 88.3%) than un- 


treated control (38.4%) and were on раг with carbofuran (80.4%). 


However, the grub parasitiza- 


tion was significantly lower (4.1 to 8.477) in insecticide treated plots as compared to un-treated 


control (22.3%). 


(Key words: 


Rice hispa  Dicladispa armigera Oliver 
(Coleoptera: Chrysomelidae) is one of the 
serious pests of rice in many rice growing 
tracts of India inflicting considerable leaf 
damage in early stages of crop growth. 
Adults scrape the chlorophyll content while 
grubs mine between two epidermal layers 
and feed on chlorophyll tissues. 


In the absence of recognised resistant/ 
tolerant varieties, chemical control is the 
only dependable method to suppress this 
pest. KRISHNAIAH & KALODE (1983) repor- 
ted that among 11 granular insecticides 
tested, only carbofuran exhibited high 
knockdown effect while mephosfolan indi- 
cated greater degree of persistent toxicity. 
BUDHARAJA et al. (1980) evaluated five 
granular formulations and found that carbo- 
furan treated plots had no hispa populations 
throughout the experimental репой. 
According to SUBBARATNAM 4: PERRAJU 
(1976) a single application of phorate gran- 
ules at 7.5 kg а 1/350 Кр, seed/ha applied 
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Department, DRR. 
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with rice seed could keep the seedlings 
free from  hispa adults throughout the 
nursery period. The present study, was 
therefore, conducted to evaluate the effecti- 
veness of some new granular insecticides 
under field conditions to find alternatives 
to carbofuran and phorate. 


A rice field infested with hispa іп DRR 
farm at Ramachandrapuram, was selected 
for the study during Kharif, 1985. Four 
new granular insecticides viz.,  oncol, 
ethoprop, chlorpyriphos and cartap were 
included for evaluation along with stand- 
ard check carbofuran. All the granules 
were broadcast in standing water (2.5 to 
5.0 cm) @ kg a.i/ha only once at 20 DAT. 
The variety used was Sonasali. The field 
was divided into equa! plots of 22.5 m2 
each. There were four replications. All the 
plots were separated by bunds to prevent 
water movement from one plotto another. 
Observations on the rice hispa damaged 
leaves on 10 random hills/plot were taken 
one day before and 20 days after application 
of the granules. The leaves with 25 per 
cent or more damaged area only were 
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considered as damaged ones. Adult insects 
feeding on leaves were also counted on 20 
hills/plot 7 days after treatment. One 
hundred damaged leaves from each plot 
were collected and dissected to assess per- 
centage grub mortality and grub parasiti- 
zation a week after granular application. 


Rice hispa infestation one day before 
granular application was considered uni- 
form, as the differences between plots were 
not significant (Table 1). Twenty days 
after treatment, the insecticide treated plots 
recorded 10.1 to 11.2 per cent damaged 
leaves (PDL) which were on par with stan- 


The data on live adults/20 hills showed 
that oncol, chlorpyriphos and cartap (7.2 
to 7.7) were significantly better than un- 
trated control (13.2) but, significantly less 
effective than standard check carbofuran 
(3.0); while ethoprop (11.2) was on par 
with control. 


However, all the test insecticides regist- 
ered significantly higher grub mortality (79.2 
to 88.3%) than untreated control (38.4%) 
and were on par with standard check car- 
bofuran (80.4%). Тһе grub parasiti- 
zation was significantly less (4.1 to 8.4%) 
in insecticide treated plots than untreated 


dard check carbofuran (9.9 PDL) and signi- control (22.3%). Тһе standard check 
ficantly less than untreated control (27.4 carbofuran also recorded | significantly 
PDL). lower grub parasitization (7.1%) than 
TABLE 1. Efficacy of selected granular insecticides against rice hispa. 
Per cent damaged Adults % GM % GP 

Insecticides leaves (No/20 hills) 7 7 

1 DBT 20 DAT 7 DAT DAT DAT 
oncol 3 С 25.53 10.6” 7:96 79.25 7.45 
ethoprop 30.1% 10.1 11.26 88.38 4.1% 
(Мосар 10 G) 
chlorpyriphos 26.2^ 1-29 ТЕЛІ 80.345 8.45 
(Coroban 10 С) 
cartap 26.4% 10.1% Tas 83.08" 72956 
(Padan 4 G) 
carbofuran 27.9% 9.9» 3.06 80.48 estes 
(Furadan 3 G) 
(Standard check) 
untreated control 25.2» 27.4" 13:25 38.4% 229% 


DBT = Days before treatment. 
DAT = Days after treatment. 
GM = Grub mortality. 

GP = Grub Parasitisation. 


Figures followed by common letter are not significantly different at P=0.05 according 


to LSD method. 


NB : All the insecticides were broadcast in standing water @ 1.0 kg a.i./ha. 
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untreated control.  Volatilization of soil 
applied insecticides might have killed or 
repelled the adult parasitoids of rice hispa 
grubs. Such volatilization was observed in 
case of thiocyclam hydrogen oxalate in rice 
against green leafhopper (KRISHNAIAH & 
KALODE, 1986). 


Considering the leaf damage and grub 
mortality, all the test insecticides though 
exhibited performance similar to carbo- 
furan, were less effective against adults. 
However, the adverse effects on grub para- 
sitization seemed to be imevitable in epi- 
demic situation for management of this 
pest through granular insecticides. 
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Three synthetic pyrethroids were bioassayed against nymphs of Scirtothrips dorsalis Hood representing 
populations from Guntur (GNT), Warangal (WGL) and Vizianagaram (VZM) in Andhra Pradesh, 
identified as areas of high, medium and low insecticidal use. Results indicated that VZM population 
of S. dorsalis was highly susceptible followed by WGL and GNT populations to all the three pyrethroids. 
In comparison with the most susceptible VZM population, development of resistance to fenvalerate, 
cypermethrin and alphamethrin respectively was 3.75, 4.55 and 4.10 times in GNT population and 2.17, 


2.64 and 2.0 times in WGL population. 


(Key Words: 


INTRODUCTION 


Of late, some field observations revealed 
that chilli thrips is requiring increasingly 
higher doses of insecticides for its control 
especially in areas where insecticidal pres- 
sure is elarming. Though development 
of pyrethroid-resistance in chilli pod borers, 
Heliothis armigra MHbn. and Spodoptera 
litura F. was well documented (REDDY & 
PRASAD, 1991), no attempt has been made 
to assess resistance in chilli thrips to any 
pyrethroid in Andhra Pradesh and elsewhere 
in India. In order to fulfil this lacuna, а 
study was designed to evaluate relative 
resistance to three synthetic pyrethroids 
in chilli thrips. Scirtothrips dorsalis Hood 
collected from three different locations viz., 
Guntur (GNT), Warangal (WGL) and 
Vizianagaram (VZM) іл Andhra Praesh 
known for high, medium and low pesticide 
use respectively. 


MATERIALS AND METHODS 


The cage for collection and rearing of 
thrips was constructed as per the specifi- 


pyrethroid-resistance, Scirtothrips dorsalis, chillies) 


cations suggested by Beavers & EWART 
(1971). Population of S. dorsalis on chill- 
ies was collected from the three locations 
in Andhra Pradesh and cultures represen- 
ting GNT, WGL and VZM populations 
were maintained in the laboratory at 23 
+2°C and 70 рег cent RH. 


Three commercial synthetic pyrethroids 
viz., fenvalerate (Starfen), cypermethrin 
(Ripcord) and alphamethrin (Festac) were 
bioassayed for their toxicity to nymphs of 
S. dorsalis populations. Tender chilli 
leaves were dipped in suspensions of diff- 
erent concentrations for each insecticide 
separately, air dried for one hour and intro- 
duced into rearing cage keeping the petiole 
turgid. Twenty nymphs from а homo- 
geneous populations of 45. dorsalis majin- 
tained in the cages were carefully transfe- 
rred to the treated leaves. The treatment 
was replicated thrice using a total of sixty 
test subjects for each concentration. Simi- 
larly sixty test subjects were employed in 
the contro! treatment. Mortality counts 
were taken 24 hours after the treatment. 
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Data on per cent mortality corresponding 
to each concentrtion were corrected based 
on control mortality using Abbott’s formula 
and were subjected to probit analysis accor- 
ding to Finney (1971). 


The differential response of GNT, WGL 
and VZM populations to the same insecti- 
cide in terms of LCs» values was attributed 
to the development of resistance in one or 
two populations of S. dorsalis when com- 
pared with the most susceptible population. 
Resistance index was computed according 
to the formula suggested by FAO (1979) 
as follows: 


керу of resistant strain 


Resistance index = 
LC. of susceptible strain 


V. DEVA PRASAD, G.P.V. REDDY & R. SRINIVASA RAO 


RESULTS AND DISCUSSION 


Data on the dosage-mortality response 
of three populations of S. dorsalis to the 
three pyrethroids are presented in Table 1. 
The Chi? values indicated a good fit of 
probit regressions in all the bioassays. 
Comparison of LCsg values of each insecti- 
cide against nymphs of the three populations 
revealed that VZM populations exhibited 
the highest susceptibility to the pyrethroids. 
The GNT population manifested the least 
susceptibility while WGL population was 
intermediary in its susceptibility to the 
pyrethroids. In comparison with the most 
susceptible VZM population, GNT and 
WGL populations of $. dorsalis showed 
varying levels of resistance to the pyreth- 
roids (Table 2).  Relative-resistance to 


Probit analysis of dosage - mortality response of S. dorsulis populations to certain pyrethroids. 


TABLE 1. 
Insecticide Sources of Regression equation ІС» Fiducial limits 
population | Chi(3)2 (95%) 

Fenvalerate GNT 1.8644 Y = 3.1555 + 1.1163 x 0.0045 0.0032 0.0063 
WGL 0.5193 Y = 3.5066 + 1.0496 x 0.0026 0.0019 0.0037 
VZM 0.8187 Y = 3.6185 + 1.2915 x 0.0012 0.0009 0.0016 

Cypermethrin GNT 1.4005 Y = 2.9511 + 1.2085 0.0050 0.0037 0.0067 
WGL 0.4665 Y = 3.2898 + 1.1703 0.0029 0.0021 0.0039 
VZM 0.6335 Y 2 3.7976 + 131719: x 0.0011 0.0008 0.0015 

Alphamethrin GNT 1.2322 Y = 3.1420 + 1.1584 0.0041 0.0029 0.0057 
WGL 0.5974 Y = 3.5283 + 1.1228 » 0.0020 0.0014 0.0029 
VZM 0.5079 Y = 3.9104 + 1.0896 0.0010 0.0007 0.0015 


GNT = Guntur; 


TABLE 2. 


SL 


WGL = Warangal; 


Resistance index 


VZM = Vizianagaram. 


Resistance levels in S. dorsalis populations of Guntur and Warangal to pyrethroids. 


Resistance index 


No. Insecticide GNT Vs VZM WGL Vs VZM 
|. Fenvalerate 3.25 2-17 
2. Cypermethrin 4,55 2.64 
3. Alphamethrin 4.10 2.00 
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fenvalerate, cypermethrin ала alphamathrin 
in GNT population was 3.75, 4.55 and 
4.10 times, while in WGL population tt 
was 2.17, 2.64 and 2.0 times respectively. 


Cypermethrin-resistance іп Thrips tabaci 
and Frankliniella occidentalis was earlier 
documented by FREULER & BENZ (1988). 
Overexposure to cypermethrin and fenval- 
erate and the kdr gene already present in 
the resistant populations due to selection 
for organochlorines, particularly DDT, in 
the past may be attributed to pyrethroid- 
resistance іп GNT ала WGL populations 
of S. dorsalis (MILLER & SALGADO, 1985; 
KaSBEKAR & HarL, 1988). Presence of 
mixed-function oxidases апа glutathtone- 
s-transferases were said to be involved in 
pyrethroid resistance (PRABHAKER ef al., 
1985: ARGENTINE ef al, 1989). Present 
studies focus on the need for judicious use 
of pyrethroids following the principles of 
insecticide resistance management. 
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